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PREFACE. 


This  book  is  offered  to  students  and  practitioners  of  medicine  and  surgery 
in  general,  and  to  those  especially  interested  in  the  subjects  of  which  it  treats 
in  particular,  in  the  hope  that  it  may  take  rank  with  the  other  volumes  of 
the  "  American  Text-book  "  series,  which  have  demonstrated  their  worth  and 
have  had  their  reward  in  the  appreciative  reception  which  has  been  accorded 
to  them. 

In  the  portion  of  the  work  devoted  to  the  Eye,  its  Embryology,  Anatomy, 
Histology,  Physiology,  Diseases,  and  Injuries  are  discussed  in  twenty-four 
sections  by  twenty-four  authors;  its  Operative  Surgery  in  seven  sections  by 
as  many  authors  ;  while  certain  practical  details  in  the  Examination  for  Color- 
blindness among  Railroad  Employes,  etc.,  receive  attention  in  an  Appendix 
containing  five  sections. 

In  the  portion  of  the  work  devoted  to  the  Ear,  its  Anatomy,  Physiology, 
Diseases,  and  Injuries  are  discussed  in  thirteen  sections  by  fourteen  authors;, 
while  Diseases  of  the  Nose  and  Throat  are  described  in  twenty  sections  by 
nineteen  authors. 

Certain  novel  features,  not  usually  found  in  text-books,  may  be  noted  : 
Special  articles  on  The  Standards  of  Form  and  Color-vision  Required  in 
Railway  Service,  The  Rinitgen  Rays  in  Ophthalmic  Surgery,  The  Practice  of 
Ophthalmic  Operations  on  Animals'  Eyes,  The  Most  Important  Micro-organ- 
isms having  Etiological  Relationship  to  Ocular  Disorders,  etc. 

It  is  unnecessary  to  discuss  the  "  collaboration-method  "  thus  employed, 
which  has  too  often  demonstrated  its  value  to  need  either  defence  or  explana- 
tion in  this  place,  except  to  point  out  its  greatest  use,  and  the  one  to  which  no 
doubt  it  is  indebted  for  its  success — namely,  that  by  its  means,  in  the  words 
of  Dr.  W.  H.  Howell,  "the  student  gains  the  point  of  view  of  a  number  of 
,  teachers,  reaping,  in  a  measure,  the  same  benefit  as  would  be  obtained  by 
following  courses  of  instruction  under  different  teachers." 

This  work  is  essentially  a  text-book  on  the  one  hand,  and,  on  the  other,  a. 
volume  of  reference  to  which  the  practitioner  may  turn  and  find  a  series  of 
articles  written  by  men  who  are  authorities  on  the  subjects  portrayed  by  them. 
Therefore  the  practical  side  of  the  question  has  been  brought  into  prominence 
— i.  e.  Functional  Testing,  Etiology,  Symptomatology,  Diagnosis,  and  Treat- 
ment, but  never  to  the  neglect  of  Pathology  or  the  important  fticts  comprised 
in  the  special  chapters  on  Embryology,  Anatomy,  Physiology,  Physiological 
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Optics,  etc.,  to  ^vllich,  indeed,  special  attention  is  directed.  Thus  it  is  hoped 
that  tlie  student  will  receive  not  only  the  point  of  view  of  a  number  of 
teachers,  but  a  number  of  points  of  view  of  each  subject. 

A  word  should  be  said  with  reference  to  the  effort  to  comprise  within  one 
volume  studies  of  the  P]ye,  Ear,  Nose,  and  Tiiroat — an  effort  which  may  chal- 
lenge criticism  in  this  day  of  highly  differentiated  specialties.  Yet  it  has 
seemed  to  the  Editors  that  each  of  these  branches  could  receive  text-book 
treatment  within  the  space  here  assigned,  w'hile  their  important  correlations 
could  be  better  brought  out  by  such  juxtaposition.  Specialism  has  often  been 
carried  much  too  far  in  the  exclusion  of  attention  to  the  adjacent  fields.  The 
oculist  cannot  dispense  with  a  fair  working  knowledge  of  affections  of  the 
nose  and  its  accessory  cavities ;  nor  should  the  aurist  have  to  learn  at  second 
hand  the  important  teachings  of  the  ophthalmoscope  as  to  his  cases.  Indeed, 
no  practitioner,  general  or  special,  should  be  unfamiliar  w'ith  all  the  types  of 
disease  and  the  most  precise  methods  of  their  study,  for  it  must  often  haj^pen 
that  he  cannot  avail  himself  of  help  from  others.  He  should,  like  Brougham's 
educated  man,  "  know  a  little  of  everything  and  all  about  some  one  thing." 
The  latter  part,  as  to  the  specialties  here  treated,  the  reader  must  seek  in 
more  voluminous  encyclopedic  works ;  but  it  is  hoped  that  the  labors  of  the 
eminent  teachers  here  brought  shoulder  to  shoulder  will  afford  a  good  intro- 
duction for  the  beginner,  as  before  stated,  a  valuable  handy  reference-book  for 
the  practitioner,  and  at  least  quicken  some  weakening  memories  in  the 
adv^anced  spe(Malist. 

Each  author  is  responsible  for  the  statements  and  opinions  in  his  article  ; 
occasional  editorial  comment  is  always  suitably  marked.  For  the  most  part, 
wherever  the  same  subject  receives  consideration  in  different  articles,  cross 
references  have  been  supplied,  again  with  the  idea  of  facilitating  a  study  of 
the  ])oint  of  view.  It  seems  proper  to  note  that  there  has  been  complete 
division  of  the  editorial  labor  and  responsibility,  that  of  the  Ophthalmic 
portion  being  assumed  by  Dr.  de  Schweinitz,  and  that  of  the  Otological  and 
Laryngological  sections  by  Dr.  Randall. 

We  have  to  note  and  deplore  the  loss  to  ourselves  and  to  the  profession 
in  the  death,  during  the  preparation  of  this  work,  of  Dr.  Harrison  Allen, 
robbing  us  of  his  finishing  touclies  to  his  own  contribution  and  the  continu- 
ance of  his  friendly  counsel  as  to  other  portions  of  the  book.  Of  the  greater 
loss  in  his  many  fields  of  activity  we  cannot  here  speak. 

In  conclusion,  the  Editors  desire  to  express  their  hearty  thanks  to  all  the 
contributors  for  their  uniform  courtesy  and  for  the  presentation  of  the  sub- 
jects entrusted  to  them  in  a  manner  which,  they  feel  sure,  cannot  fail  to  be 
satisfactory  to  students.  Also,  their  thanks  are  due  to  Mr.  T.  F.  Dagney 
and  Mr.  R.  W.  Greene  for  their  efficient  aid  and  constant  kindness. 


1401  Locust  Street, 
1604  Walnut  ^  Philadelphia. 


5TREET,  1 

Street,  ( 
February,  1899. 
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THE  EYE. 


THE  EMBRYOLOGY,  ANATOMY,  AND  HISTOLOGY 

OF  THE  EYE. 

By  GEORGE  A.  PIERSOL,  M.  D., 

OF  PHILADELPHIA. 


THE  DEVELOPMENT  OF  THE  EYE. 

The  initial  stages  in  the  formation  of  the  visual  organ  are  so  intimately 
related  to  those  of  the  brain,  tliat  a  brief  sketch  of  the  early  development  of 
the  nervous  system  may  with  advantage  precede  the  more  detailed  account 
of  the  development  of  the  eye. 

The  tirst  definite  trace  of  the  embryo  within  the  embryonal  area  appears 
as  a  pair  of  slightly  converging  folds,  the  medullary  ploies,  which  partially 


Amnion. 


Mesoderm. 


Parietal 
mesoderm 


Visceral 
mesodertn 


Fieri  roper  ica  r- 
dial  cavity. 


Pericardial 
plates. 


Extension 
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Fig.  1.— Transverse  section  of  a  sixtccn-and-a-half-day  sheep  embryo  (Bonnet). 


enclo.se  the  anterior  end  of  the  transient  primitive  streak.  Originally  widely 
separated  and  low,  the  folds  rapidly  increase  in  height,  whil(>  the  included 
neural  groove  becomes  correspondingly  deepened  (Fig.  1).  Very  soon  the 
growing  medullary  plates  manifest  a  tendency  to  approximate  their  free  edges 
alono"  the  dorsal  aspect  of  the  embryo,  a  disposition  which  eventually  results 
in  their  fusion  and  the  conversion  of  the  open  neural  groove  into  the  closed 
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neural  canal  (Figs.  2  and  3).  llie  ])oint  at  wliicli  this  fusion  earliest  occurs 
does  not  coincide  witli  the  anterior  exti-emity  of  the  canal,  but  with  a  point 
somewhat  fartiun*  back  ;  from  this  latter  situation  closure  progresses  toward 
the  caudal  pole. 

The  anterior  extremities  of  the  medullary  folds  remain  ununited  for  some 


time  after  the  more  caudally  situated  parts  of  the  folds  have  undergone  con- 
crescence and  closure ;  the  anterior  portion  of  the  folds,  on  the  other  hand, 
has  meanwhile  become  locally  expanded  in  such  manner  that  even  before  the 
fusion  of  the  folds  indications  of  three  distinct  dilatations — the  primary  brain- 


vesicles — have  become  apparent.  The  foremost  of  these,  the  anterior  brain- 
sac,  occupies  the  extreme  end  of  the  neural  canal,  and  is  of  large  size  the 
succeeding  midflle  and  posterior  vesicles  being  less  expanded,  although  of 
greater  length. 


PRIMARY  OPTIC  VESICLES. 
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The  primary  cerebral  vesicles,  however,  soon  iiiitlergo  further  change, 
since  the  anterior  and  the  posterior  each  become  subdivided,  the  cephalic 

segment  of  the  neural  tube  being  tlicn  repre- 
sented by  the  hvc  secondary  brain-vesi- 
cles. These  latter  are  designated,  from 
before  backward,  as  the  fore-brain,  or 
jyrosencephalon  ;  the  inter-brain,  or  thalam- 
enccphalon ;  the  mid-brain,  or  'mesenceph- 
alon; the  hind-brain,  or  epcneephalon  ;  and 
the  after-brain,  or  metencephalon  (Figs.  4 
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Fig.  4.— Diagrams  illustrating  the  pri- 
mary and  secondary  segmentation  of  the 
brain-tube  (Bonnet). 


Fig.  b.—A,  brain  of  two-day  chick  embryo;  B,  brain  of 
human  embryo  of  three  weeks  (His) ;  shows  the  develop- 
ment of  the  optic  vesicles  and  brain-vesicles;  fb,  fore 
brain  ;  ib,  inter-brain  ;  ov,  optic  vesicle. 


and  5).  The  remains  of  the  greatly  modified  and  relatively  reduced  cavities 
of  these  early  brain-segments  are  represented  respectively  by  the  lateral  ven- 
tricles, the  third  ventricle,  the  aqueduct  of  Sylvius,  and  the  fourth  ventricle ; 
while  fi'om  the  walls  of  the  secondary  brain-vesicles  are  developed  the  struc- 
tures situated  around  the  corresponding  part  of  the  ventricular  space. 

Coincidently  witli  the  development  of  the  primary  cerebral  vesicles,  even 
before  the  complete  closure  of  the  neural  canal,  the  anterior  brain-sac  becomes 
distingui.shed  by  the  evagination  of  a  conspicuous  diverticulum  on  either  side, 
which  extends  almost  at  right  angles  to  the  general  cerebral  axis.  These 
outgrowths  fron  the  hinder  part  of  the  early  anterior  cerebral  segment  are 
the  primary  optic  resides,  from  which  the  nervous  tunic  of  the  eye  is  largely 
developed.  The  optic  vescicle  at  first  opens  so  widely  into  the  brain-sac  that 
there  is  little  differentiation  of  the  ocular  ru<liment  from  the  general  cavity 
of  the  brain-segment;  soon,  however,  the  comnuuiication  between  the  two 
becomes  narrowed  and  the  oj)tic  vesicle  better  defined  as  an  independent 
organ.  The  optic  st(dk,  which  results  from  this  constriction,  lies  almost 
transversely  placed  when  first  formed,  but  gradually  assumes  a  more  oblique 
axis  as  its  development  progresses.  The  relations  of  the  optic  stalks  to  the 
brain-seffments  also  somewhat  chans^e,  since  when  definitelv  formed  the  stalks 
open  into  the  inter-brain,  or  thalamencephalon,  having  seemingly  become  pos- 
teriorly removed  during  their  growth. 

In  attaining  its  full  expansion  the  primary  optic  vesicle  lias  encroached 
to  such  an  extent  on  the  mesoderm  lying  between  the  eye-sac  and  the  surface 
of  the  embrvo,  that  in  mammals  an  extremely  thin  stratum  of  mesodermic 
tissue  alone  separates  the  optic  vesicle  from  the  surfice  ectoderm  :  in  birds 
even  this  is  wanting,  the  mesoderm  being  entirely  displaced  and  the  ectoderm 
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of  the  exterior  and  anterior  wall  of  the  optic  vesicle  coming  into  apposition 

(Fig.  (j).  .  ^^         1  i  1 

Each  optic  vehicle  may  be  regarded  as  possessing  fonr  walls — -a  lateral  or 

onter  wall,  inclnding  the  area  in  apposition  to  the  surface ;  a  mesial  or  inner 

wall,  marked  by  the  position  of  the  early  optic  stalk  ;  a  lower  wall,  on  a  level 

Avith  the  floor  of  the  inter-brain  ;  and  an  upper  ^vall. 

After  meeting  the  surface  layers  in  its  outward  expansion,  the  primary 

optic  vesicle  becomes  profoundly ^uodified  by  the  invagination  of  its  lateral 


Fig.  6.— Section  through  heart  of  ten-rtay 
rabbit  embryo, exhibitiiiLT  ))rimary  oi>tic  ves- 
icle (O)  protruding  iVnia  lore-bra'iu  {B),  and 
coming  in  contact  with  siirl'ace  ectoderm  (e) ; 
m,  surrounding  mesoderm  (Piersol). 


Fig.  7.— Section  through  developing  eye  of 
eleven-day  rabbit  embryo  (Piersol)  :  B,  fore- 
brain  connected  by  stalk  with  optic  vesicle  (o), 
whose  anterior  wall  is  partly  invaginated ;  I, 
thickened  and  depressed  lens  area. 


or  outer  \vall,  in  consequence  of  which  pushing  in,  the  cavity  of  the  primary 
vesicle  is  gradually  reduced,  and,  finally,  obliterated  by  the  application  of 
the  invaginated  portion  of  the  wall  of  the  vesicle  to  the  mesial  segment  of  the 
same,  which  has  not  suffered  disj)lacement.  The  space  which  results  from 
the  invagination  of  the  outer  portion  of  the  primary  eye-sac  gradually  ac- 
(piires  a  cu|)])ed  form,  and  is  known  as  the  secondary  optic  vesicle,  or,  more 
appropriately,  as  the  ojAic  cup  (Figs.  7  and  8). 

Coincidently  with  the  changes  in  the  optic  vesicle  which  result  in  the 
production  of  the  optic  cup,  the  ectoderm  lying  over  the  optic  vesicle  exhibits 

proliferation  of  its  elements  and  becomes 
thickened,  and,  at  the  same  time,  sinks  into 
the  subjacent  invaginating  optic  vesicle,  thus 
forming  a  depression  known  as  the  leus-pit. 
The  thickened  ectoderm  lining  the  bottom 
and  sides  of  the  ])it  is  accurately  a])plied  to 
the  receding  lateral  wall  of  the  optic  vesi(;le, 
separated  in  mammals,  however,  by  a  thin 
sheet  of  me.sodermic  tissue.    The  invagina- 
tion of  the  early  lens-pit  increases,  and,  at 
the  same  time,  the  margins  of  the  depression 
become  a]iproximated  and  eventually  united, 
so  that  the  lens-pit  is  converted  into  the 
lens-vesicle,  a  structure  from  which  the  fu- 
ture crystalline  lens  is  developed  in  a  manner 
presently  to  be  described.     The  lens-sac 
thus  formed  for  a  time  remains  connected 
with  the  ectoderm  ;  later,  the  union  between 
the  two  is  severed,  and  the  primary  lens- 
rudiment  lies  as  an  isolated  ectodermic  vesicle  completely  surrounded  by 
mesoderm.    The  mesodermic  stratum  which  separates  the  lens-sac  from  the 


Fig.  8.— Section  through  developing  eye 
of  eleven-and-a-half-day  rabbit  embryo 
(Piersol)  :  B,  fire-brnin  connected  with 
optic  vesicle  (n),  nearly  effaced  by  appo- 
sition of  invaginated  anterior  segment  (r) 
with  posterior  wall  (]>) :  I,  lens-sac  com- 
pletely closed  and  separated  from  ecto- 
derm ;  t,  tissue  within  secondary  optic  cup 
derived  from  surrounding  mesoderm. 
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overlying  ectoderm  later  contributes  the  connective-tissue  stroma  of  the  cornea, 
while  the  corresponding  ectodermic  area  becomes  the  corneal  epithelium 

Returning  to  the  consideration  of  the  changes  involving  the  optic  vesicle, 
we  have  to  follow  modifications  which  result  in  the  formation  of  the  most 
important  parts  of  the  nervous  tunic  of  the  eyeball.  As  already  sketched, 
the  lateral  wall  of  the  primary  optic  vesicle  becomes  invaginated  as  the  lens- 
sac  is  developed  :  while  in  the  early  stages  the  two  invaginations  progress 
with  uniform  rapidity,  there  comes  a  time,  after  the  lens-sac  has  reached 
completion,  when  the  expansion  of  the  inner  wall  of  the  latter  no  longer 
keeps  pace  with  the  pushing-in  of  the  optic  vesicle,  in  consequence  of  which 
disparity  a  space,  the  primitive  vitreous  chamber,  appears  between  the  lens- 
vesicle  and  the  retreating  wall  of  the  optic  vesicle.  The  completion  of  the 
invagination  results  in  the  approximation  of  the  lateral  folded-in  wall  toward 
the  mesial  wall  of  the  vesicle,  until  the  two  layers  are  in  contact  and  the 
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Fig.  9. — Section  through  the  optic  vesicle,  the  optic  stalk  and  adjoining  parts  of  the  cerebral  vesicle  of 
a  five-weeks'  human  fetus  (His) :  R,  P,  retinal  and  pigment  layers  of  optic  vesicle  ;  Sp,  cleft  for  entrance 
of  central  artery  :  T.c,  tuber  cinereum,  with  recessus  infundibuli  (Ji.i.) ;  W.c,  basal  conns ;  R.o.,  recessus 
opticus.   The  lower  part  of  the  figure  corresponds  to  the  nasal  side,  the  upper  to  the  temporal. 

included  cavity  of  tlie  primary  optic  vesicle  is  obliterated.  The  secondary 
vesicle,  or  the  optic  cap,  is  now  bounded  by  a  double-layered  wall. 

Almost  from  the  beginning  of  the  process  of  involution  involving  the 
primary  optic  vesicle  the  portion  of  the  wall  of  the  sac  so  affected  exhibits  a 
disposition  to  undergo  proliferation  and  thickening,  in  consequence  of  which 
change  the  developing  optic  cup  is  immediately  bounded  by  a  disproportion- 
ately thick  stratum,  which  from  the  resulting  structures  is  aj)[)ropriately  termed 
the  retinal  layer.  In  marked  contrast  to  the  inner,  the  outer  layer  of  the  optic 
cup  not  only  fails  to  increase  in  thickness,  but  becomes  attenuated  in  conse- 
quence of  the  general  expansion  of  the  growing  primitive  visual  organ,  so  that 
by  the  time  the  retinal  layer  comes  in  contact  with  the  outer  layer  of  the  optic 
cup,  the  latter  has  become  reduced  to  a  delicate  stratum  of  cells  which  would 
be  inconspicuous  were  it  not  for  its  characteristic  dark  tint  due  to  the  presence 
of  rapidly  augmenting  pigment-particles.  The  pigmented  condition  of  the 
cells  of  the  outer  layer  early  foreshadows  the  subsequent  fate  of  this  portion 
of  the  optic  vesicle,  which  eventually  forms  the  single  layer  of  pigmented 
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retinal  epithelium.  From  the  thickened  inner  layer  are  derived  the  essential 
nervous  elements  of  tlie  retina,  including  the  rods  and  cones,  the  various 
ganglion-cells  and  the  nerve-fibers  proceeding  from  tliem,  together  with  the 
supj)orting  neurogliar  tissue. 

Tlie  invagination  described  in  tlie  ])receding  paragraj>hs  as  affecting  the 
lateral  or  outer  wall  of  the  primary  optic  vesicle  is  not  limited  to  that  portion 
of  the  eye-sac,  but  involves  also  tlie  lower  wall  of  the  vesicle  and  its  hollow 
stalk.  Keference  to  the  accompanying  figure  (9, /.S)>)  will  show  that  the  lower 
wall  of  the  double-layered  vesicle  is  not  complete,  but  is  pushed  in — in 
frontal  sections  this  inferior  groove  api)earing  as  a  hiatus  in  the  vesicle,  the 
choroidal  clcj'f.  This  latter  slit  establishes  connnunication  between  the  sur- 
rounding mesoderm  and  the  interior  of  the  optic  cuj),  and  affords  entrance  of 
the  mesodermic  tissue  which  constitutes  the  primary  vitreous  stroma ;  it 
soon  becomes  greatly  narrowed  and  finally  closes. 

In  consequence  of  the  infolding  of  its  lower  wall  the  optic  stalk,  at  first 
cylindrical,  becomes  deeply  grooved  ;  the  groove,  which  is  ()ccuj)ied  by 
vascular  mesodermic  tissue,  after  attaining  a  certain  depth,  gradually  closes 
by  the  approximation  and  final  union  of  its  lips,  the  imprisoned  mesoderm 
and  the  included  blood-vessels  being  later  represented  by  the  arteria  centralis 
retinte  and  the  associated  connective  tissue  occupying  the  central  area  of  the 
optic  nerve. 

The  Development  of  the  I^ens. — The  earliest  phases  of  the  forma- 
tion of  the  crystalline  lens,  including  the  conversion  of  the  lens-pit  into  the 
closed  lens-sac,  have  been  already  described  ;  the  subsequent  development  of 
the  lens  is  largely  the  history  of  the  growth  and  differentiation  of  the  walls 
of  the  lenticular  vesicle.  By  the  time  the  lens-sac  has  become  completely 
isolated  from  its  attachment  with  the  surface  ectoderm  its  walls  consist  of 
two  or  three  layers  of  epithelial  cells,  externally  limited  by  a  delicate  mem- 
brane, the  earliest  suggestion  of  the  lens-capsule.  Very  soon  the  inner 
portion  of  the  wall  of  the  lens-sac  becomes  conspicuous  by  reason  of  its 
greater  thickness — a  disparity  which  becomes  progressively  more  marked  as 
development  proceeds.  The  early  mammalian  lens-vesicle  contains  a  mass 
of  small  cells  derived  from  the  ])roliferation  of  the  surface  elements  of  the 
primitive  epidermis.  These  cells  are  unimportant,  being  transient,  and  later 
undergoing  degeneration  and  absorption. 

The  obliteration  of  the  cavity  of  the  lens-sac  and  the  conversion  of  the 
organ  into  a  solid  mass  are  effected  by  the  phenomenal  groAvth  and  elongation 
of  the  epithelial  elements  composing  the  posterior  or  internal  wall  of  the  sac. 
These  cells  rapidly  increase  in  length,  becoming  converted  into  the  primitive 
lens-fibers.  At  first  the  thickened  inner  wall  projects  into  the  lens-vesicle, 
the  greatly  reduced  cavity  of  the  sac  intervening  between  it  and  the  anterior 
wall.  With  the  growth  of  the  fiber-mass  this  space  is  gradually  reduced, 
until  finally  the  now  greatly  thickened  and  specialized  posterior  wall  comes 
into  contact  with  the  anterior  layer  and  the  lens  becomes  solid. 

The  thickening  and  growth  which  have  characterized  the  changes  affecting 
the  posterior  or  inner  wall  of  the  lens-sac  are  in  marked  contrast  to  the  pro- 
gressive attenuation  of  the  anterior  or  outer  wall.  The  columnar  type  of  the 
early  cells  of  this  region  is  replaced  by  the  low  cuboidal  form  which  charac- 
terizes these  elements  in  later  stages. 

After  the  primitive  lens  becomes  solid  in  consequence  of  the  obliteration 
of  the  cavity  of  the  lens-vesicle  by  the  growth  and  modification  of  the  posterior 
wall,  the  subsequent  increase  in  the  size  of  the  lens  takes  place  by  the  con- 
version of  the  cells  of  the  anterior  wall,  which  are  later  known  as  the 
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epitlieliiim  of  the  anterior  capsule,  into  lens-tibers,  and  the  adtHtion  of  the.se 
as  peripheral  increments.  The  transformation  of  the  epithelial  cells  into 
fibers  takes  place  at  the  equatorial  zone,  where  the  low  columnar  elements 
may  be  seen  elongating  and  assuming  the  peculiarities  of  young  fibers.  TJie 
appositional  growth  of  the  lens  whicii  thus  takes  place  results  in  the  forma- 
tion of  layers  of  lens-fibers  which  cover  the  surface  of  the  ori>an  and  enclose 

11*'  ■  .  • 

the  lens-core.  In  consecpience  of  their  mode  of  e(|uatorial  formation  the 
young  fibers  extend  from  the  anterior  to  the  posterior  surface  of  the  lens, 
their  ends  meeting  along  definite  radiating  lines  which  in  the  embryo  and  the 
new-born  animal  constitute  three-rayed  figures  known  as  the  lens-stars.  The 
star  of  the  anterior  surface  always  has  its  su})erior  limb  directed  vertically, 
the  remaining  rays  diverging  laterally  at  an  angle  of  120°.  The  rays  of  the 
posterior  star  are  disposed  in  such  manner  that  they  fall  between  those  of  the 
anterior  figure,  the  vertical  limit  being  below  and  the  others  extending  upward 
and  outward.  In  the  adult  lens  the  figures  lose  their  former  simplicity  by 
the  appearance  of  other  and  secondary  rays,  the  adult  lens-stars  being  indis- 
tinct and  uncertain  in  their  outlines.  The  modifications  of  the  stars  in  the 
fully-grown  lens  are  largely  due  to  the  fact  that  in  the  enlarged  organ  the 
fibers  are  no  longer  capable  of  spanning  the  entire  distance  between  the 
anterior  and  posterior  surfaces,  as  do  the  young  embryonal  fibers. 

The  lens-capside  is  early  suggested  by  the  appearance  of  a  delicate  mem- 
brane, which  limits  the  outer  surface  of  the  lens-v^esicle,  and  afterward 
undergoes  thickening,  becoming  apparently  homogeneous  and  of  elastic 
character,  which  distinguishes  this  part  of  the  eye.  Two  opposed  views  exist 
regarding  the  source  of  the  capsule  :  according  to  one,  the  capsule  is  developed 
as  a  secretion  from  the  cells  of  the  lenticular  vesicle,  while  the  other  regards 
it — and,  the  author  believes,  correctly — as  derived  from  the  mesodermic  tissue 
surrounding  the  primitive  lens. 

It  will  be  noted  from  the  foregoing  description  that  the  entire  lens, 
excluding  its  capsule,  is  of  ectodermic  origin. 

The  unusual  demands  made  by  the  young,  rapidly-growing  and,  at 
the  same  time,  non-vascular  lens  on  surrounding  tissues  for  its  nutrition 
result  in  the  provision  of  a  special,  although  temporary,  structure  designed 
to  meet  that  need.  The  structure  so  developed  consists  of  an  envelope 
of  vascular  mesodermic  tissue,  the  tunica  vascidosa  le litis,  which  com- 
pletely surrounds  the  young  lens  from  the  second  month  to  toward  the 
end  of  gestation,  at  which  latter  period  it  has  usually  atrophied  and  dis- 
appeared. 

The  tunica  vasculosa  is  closely  associated  with  the  vitreous,  since  its 
blood-vessels  are  derived  from  those  of  that  body.  The  large  vessels  over 
the  posterior  surface  of  the  lens  break  up  into  smaller  branches,  which, 
bending  around  the  equator  of  the  lens,  ramify  within  the  mesodermic  sheet 
covering  the  anterior  surface,  proceeding  almost  as  far  as  the  center  of 
the  pupil,  where  they  end  in  terminal  loops.  The  different  parts  of  the 
vascular  membrane  of  the  lens  bear  particular  names,  in  consequence  of 
having  been  first  observed  at  different  times.  The  portion  of  the  membrane 
opposite  the  pupil  was  called  the  niciiihrana  pupiUaris;  the  more  perij)herally 
situated  zone  constituted  the  iiiemhrana  c((pK\ilo-pupiUarix ;  while  that  cover- 
ing the  posterior  surface  was  designated  the  membrana,  capsularis.  It  is 
evident  that  these  are  but  parts  of  one  and  the  same  vascular  sheet  which  is 
now  appropriately  called  the  tunica  vasculosa  lentis.  Usually  this  structure 
is  best  developed  at  about  the  seventh  month,  after  which  time  it  undergoes 
atrophy  and  absorption,  so  that  at,  or  even  before,  birth  it  has  entirely  dis- 
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appeared.  Exceptionally,  parts  of  the  embryonal  structure  remain  after 
birth,  the  anterior  portions,  when  present,  constituting  the  'persistent  pupil- 
lary membrane.    (See  page  331.) 

Tlie  early  infolding  of  the  lower  wall  of  the  optic  vesicle  is  closely  related 
to  an  outgrowth  of  the  surrounding  mesoderm,  which  occupies  the  invagina- 
tion, and  tluis  gains  entrance  into  the  secondary  o])tic  vesicle  or  optic  cup,  in 
which  space  it  ra])idly  expands  until  the  actively  proliferating  mesodermic 
tissue  completely  tills  the  space  between  the  primitive  lens  and  the  retinal 
layer  of  the  optic  cup.  In  structure  the  primary  vitreous  corresponds  to  an 
embryonal  form  of  connective  tissue,  in  which  a  delicate  network  of  branched 
connective-tissue  elements  is  conspicuous.  At  a  later  stage  these  cells  atro- 
piiy,  while  numerous  leukocytes,  dei'ived  from  the  ingrowing  blood-vessels, 
invade  the  vitreous  tissue.  Coincidently  M'ith  the  growth  of  the  primitive 
vitreous  an  extension  of  the  artery  occupying  the  young  optic  nerve,  which 
later  becomes  the  arteria  centralis  retina:,  takes  place,  the  vessel  invading  the 
vitreous  passing  to  the  posterior  pole  of  the  young  lens  as  the  hyaloid  artery. 
AAlth  the  appearance  of  the  lattei"  vessel  the  vitreous  becomes  abundantly 
supplied  witli  capillaries,  from  which  not  only  the  leukocytes  already  men- 
tioned pass  into  the  proliferating  mesoderm,  but  also  the  watery  constituents 
which  later  give  to  the  vitreous  tissue  its  characteristic  semi-fluid  condition 
(Fig.  10). 


s 
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Fig.  10.— Projection  from  nasal  side  of  the  stalk  of  the  optic  vesicle  and  the  central  arterv  of  the  retina 
(His):  lens;  A,  anterior  continuation  of  the  central  artery  to  the  vascular  tunic  of  the  lens:  R,  P, 
respectively  the  nervous  and  pigment  lamella  of  the  optic  vesicle  ;  St,  optic  stalk,  with  entrance  of  cen- 
tral artery. 

Tn  addition  to  providing  the  vitreous  tissue  with  capillaries  for  its  direct 
nutrition  during  the  early  stages  of  its  active  growth,  the  hyaloid  artery  rami- 
fies within  the  mesodermic  layer  covering  the  posterior  surftice  of  the  lens, 
thus  first  sui)plying  that  portion  of  the  tunica  vasculosa  lentis  known  as  the 
membrana  capsularis.  From  this  portion  of  the  lens  envelojie,  as  already 
mentioned,  the  blood-vessels  extend  forward,  and  finally  spread  out  Avithin 
the  anterior  segment  over  the  corresponding  surface  of  the  lens,  to  constitute 
the  vessels  of  the  membrana  ])U])illnris. 

During  the  last  weeks  of  fetal  life  the  blood-vessels  of  the  vitreous, 
together  with  the  tunica  lentis,  disappear,  the  only  indication  of  this  elaborate 
intraocular  vascular  network  which  persists  being  the  remains  of  the  hyaloid 
artery  within  a  passage,  the  hyaloid  canal,  w^hich  extends  from  the  optic  en- 
trance to  the  ])osterior  pole  of  the  lens.  Sometimes,  however,  the  hvaloid 
artery  undergoes  less  atrophy,  and  is  then  represented  by  a  cord  which 
extends  toward  the  lens,  and  may  be  ])rovided  with  a  lunien  for  a  portion 
of  its  length  ;  in  such  cases  the  persistent  hyaloid  artery  may  form  a  con- 
spicuous ol)ject  when  viewed  with  the  ophthalmoscope.    (See  page  403.) 
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Development  of  the  Retina. — In  the  foregoing  consideration  of  the 
initial  changes  in  the  formation  of  the  optic  cnp  the  early  conspicuons  differ- 
entiation of  the  inner  and  the  outer  layers  composing  its  walls  has  been  pointed 
out.  By  the  time  the  infolded  portion  of  the  vesicle  has  been  closely  apjjlied 
to  the  uninvoluted  segment,  the  former,  or  inner  layer,  has  attained  a  thick- 
ness of  many  times  that  of  the  outer  layer :  the  latter,  however,  has  become 
conspicuous,  notwithstanding  its  attenuation,  by  reason  of  the  pigment-granules 
which  early  accumulate  within  its  cells.  The  pigment  appears  earliest  near 
the  anterior  margin  or  lip  of  the  optic  cup,  gradually  extending  toward  the 
posterior  pole,  until  the  entire  outer  layer  appears  uniformly  dark.  This 
layer  becomes  the  future  pigmented  retinal  epithelium  (Fig.  11). 

The  fate  of  the  greatly  thickened  inner  layer  is  largely  identical  with  the 
history  of  the  development  of  the  retina,  since  it  contributes  the  most  import- 
ant parts  of  the  nervous  tunic.  The  early  stages  in  the  development  of  the 
retina  resemble  closelv  those  seen  else- 
where  in  the  walls  of  the  vouno;  brain- 
vesicles,  active  proliferation  of  the 
cells  lining  the  neural  tube  being  a 
conspicuous  feature.  As  in  other  parts 
of  the  young  cerebro-spinal  tube,  the 
differentiation  of  the  cells  constituting 
the  inner  layer  of  the  optic  cup  results 
in  the  formation  of  two  varieties  of 
tissues — the  nervous  elements  and  the 
sustentacular  tissue. 

The  differentiation  of  the  nervous 
constituents  results  in  the  formation 
of  two  groups  of  elements — the  nerve- 
cells  and  their  outgrowths,  the  nerve- 
fibers,  and  the  retinal  neuro-epitlielium ; 
the  latter  eventually  becomes  special- 
ized as  the  layer  of  rods  and  cones  and 
the  outer  nuclear  layer,  these  two 
strata  together  constituting  the  layer 
of  visual  cells,  as  the  sensory  epithe- 
lium is  here  appropriately  called.  The 
further  develo])ment  of  the  sustentac- 
ular tissue  produces  the  characteristic 
radial  fibers  of  Midler,  which  extend 
throuirhout  the  thickness  of  the  retina 
and  afford  su))port  and  connection  to 
the  nervous  elements.  In  addition  to  the  derivatives  from  the  involuted 
ectoderm,  ingrowths  of  true  connective  tissue  take  place  from  the  surround- 
ing mesodermic  tissue  which  accompanies  the  ramifications  of  the  early  arteria 
centralis  retinje. 

While  the  developmental  clianges  just  described  affect  the  far  greater  part 
of  the  optic  cup,  the  anterior  zone,  corresponding  to  the  double-layered  lips 
of  the  cup,  differs  materially  in  its  growth  and  fate.  Coincidently  with  the 
increase  of  surface  which  the  general  expansion  of  the  developing  eye  effects, 
the  anterior  zone  of  the  optic  cup  becomes  greatly  thinned,  the  inner  layer 
becoming  reduced  to  a  single  layer  of  low  columnar  elements,  in  marked 
contrast  to  the  conspicuous  thickening  which  this  layer  undergoes  throughout 
the  posterior  segment  of  the  cup. 


Fig.  11— Section  throush  developing^  eye  of 
thirteen-day  rabbit  embryo  (Piersol) :  e,  ectoderm ; 
I,  lens,  consisting  of  anterior  nucleated  division 
reprcsentintr  thin  front  wall  of  lens-sac,  and 
greatly  thickened  posterior  division  completely 
filling  cavity  of  sac  by  elongated  fibers  whose 
nuclei  present  cresceutic  zone  (;) :  ]>,  posterior 
pigmented  layer;  r,  si)ecialized  anterior  retinal 
layer;  /,  point  wliere  layers  of  ojitic  vesicles  be- 
come continuous  ;  -n,  extreme  peripiieral  section 
of  tissue  of  i)rimitive  optic  nerve  connected  with 
vascular  tunic  (v),  <)ccu]>ying  posterior  surface  of 
lens;  m,  surroiiuding  mesoderm,  which  (at  t) 
grows  between  lens  and  retina. 
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The  extensu)!!  oftlie  anterior  marginal  zone  of  the  optic  cup  is  intiraately^ 
associated  witli  tlie  cluinges  within  the  surrounding  mesoderm,  which  lead  to 
the  development  of  tlie  structures  composing  the  ciliary  region  and  the  iris : 
the  forward  growth  of  the  attenuated  lips  of  the  cup  contributes  the  double- 
layered,  and  later  dee})ly  pigmented,  epithelial  investment  covering  the  inner 
surface  of  the  ciliary  body  and  the  iris  as  far  as  the  pupil.  T\\e  pars  cUiaris 
retina'  and  the  parti  rdinw  iridica,  which  include  the  deeply  pigmented  stratum 
covering  these  respective  regions,  are,  therefore,  representatives  of  the  ante- 
rior zone  of  the  ectodermic  optic  cup.  The  line  of  demarcation  between  the 
posterior  visual  and  the  anterior  rudimentary  segments  of  the  optic  cup  is  at 
first  not  sharply  marked,  but  later,  when  the  conspicuous  differences  in  the 
growth  of  tiie  layei-s  in  the  two  regions  become  established,  the  anterior  limit 
of  the  retinal  area  gradually  becomes  well  defined  at  the  position  later  indi- 
cated by  the  ora  serrata. 

Development  of  the  Optic  Nerve. — The  early  optic  stalk,  which 
establishes  connection  between  the  primary  optic  vesicle  and  the  inter-brain, 
is  involved  in  its  ocular  end  in  the  invaprination  which  affects  the  lower  wall 
of  the  optic  vesicle  and  results  in  the  formation  of  the  choroidal  fissure. 
This  folding-in — in  addition  to  affording  a  means  of  entrance  into  the  interior 
of  the  future  optic  nerve  for  the  vascular  mesoderm,  from  which  later  are 
produced  the  central  retinal  blood-vessels — is  rendered  necessary  by  the  new 
relations  of  the  layers  composing  the  walls  of  the  optic  cup  :  without  the 
corresponding  readjustment  of  the  walls  of  the  optic  stalk,  as  effected  by  the 
invagination  along  its  lower  margin,  the  walls  of  the  stalk-tube  would  be 
continuous  witli  the  outer  layer  of  the  optic  vesicle  alone.  In  consequence 
of  the  folding-in  of  the  lower  wall  of  the  stalk  and  the  subsequent  obliteration 
of  its  lumen  by  the  apposition  of  its  walls  the  layers  composing  the  latter 
remain  continuous  with  the  invaginated  portion  of  the  optic  cup,  as  well  as 
with  that  possessing  the  original  relation  ;  hence  the  connection  is  maintained 
not  onlv  with  the  thickened  retinal  sheet,  but  also  with  the  attenuated  outer 
stratum. 

The  early  lumen  of  the  primary  optic  stalk  soon  disappears,  and  is 
replaced  by  a  solid  condition  of  the  young  optic  nerve.  This  solidification  is 
effected  by  two  processes,  one  of  which  affects  the  greater  central  part  of  the 
stalk  as  far  as  its  cerebral  attachments,  while  the  other,  which  includes  the 
end  ap])lied  to  the  optic  vesicle,  is  limited  to  the  peripheral  and  smaller  seg- 
ment of  the  nerve.  The  greater  part  of  the  hollow  stalk  is  converted  into  a 
solid  cord  by  the  gradual  thickening  of  its  walls,  due  to  active  proliferation 
of  the  elements,  which  results  in  the  subsequent  apposition  and  final  oblitera- 
tion of  the  lumen.  The  solidification  of  the  ocular  portion  of  the  stalk  is  the 
result  of  both  invagination  and  proliferation  :  the  early  invagination  of  the 
lower  wall  of  the  stalk  when  completed  effects  the  closure  of  the  lumen  of 
the  tube  by  the  aj)position  and  final  fusion  of  the  walls  of  the  tube  ;  while 
the  proliferation  of  the  margins  of  tlic  furrow  results  in  the  aj^proximation 
and  complete  closure  of  the  groove,  the  growth  of  the  so  imprisoned  mesoderm, 
together  with  the  accompanying  blood-vessels,  producing  the  connective  tissue 
surrounding  the  central  retinal  blood-vessels  as  they  occupy  the  interior  of 
the  optic  nerve. 

The  development  of  the  nerve-fibers  is  a  secondary  but  coincident  process, 
the  newly-formed  fibers  occupying  the  walls  of  the  rapidly  closing  stalk. 
The  older  views  which  regarded  the  optic  fibers  as  being  produced  in  loco 
along  the  course  of  the  optic  stalk  are  no  longer  acce])ted  since  the  investiga- 
tions of  Miiller,  Kolliker,  His,  and  others  shoMang  that  the  young  fibers  grow 
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into  the  optic  stalk  from  tlie  nerve-cells  located  at  its  extremities.  The 
great  majority  of  fibers  of  the  optic  nerve  may  be  regarded  as  the  centrally 
directed  outgrowths  of  the  young  neuroblasts  situated  within  the  developing 
retina :  the  axis-cylinder  processes  of  these  elements  are  guided  in  their 
journey  to  form  central  relations  with  the  brain-centers  by  the  supporting 
tissue  contributed  by  the  optic  stalk.  In  addition,  however,  to  the  centrally 
growing  fibers,  there  are  others  which  pass  in  the  opposite  direction,  and 
represent  the  peripherally  directed  axis-cylinder  processes  of  the  neuroblasts 
situated  within  the  brain.  Further  complexity  of  structure  later  arises  from 
the  ingrowth  of  the  vascular  connective  tissue  constituting  the  pial  sheath 
of  the  optic  nerve,  the  extensions  of  which  tissue  form  the  septa  subdivid- 
ing the  nerve  into  the  variously  sized  bundles  which  are  so  conspicuous  in 
transverse  sections.  The  posterior  parts  of  the  optic  stalks  become  the  0])tic 
tracts,  while  their  middle  portions  unite  to  form  the  optic  chiasm.  The 
sheaths  of  the  optic  nerve  are  produced  by  the  direct  continuation  of  the 
mesodermic  investment  from  which  the  cerebral  dura,  arachnoid,  and  pia 
are  derived. 

Development  of  the  Fibrous  and  Vascular  Coats. — With  the 
exception  of  the  corneal  epithelium,  the  lens,  and  the  nervous  tunic  with  its 
cerebral  attachments,  which  are  derived  from  the  ectoderm,  all  parts  of  the 
eyeball  are  developed  from  the  mesoderm  surrounding  the  primary  optic 
vesicle.  Coincidently  with  the  changes  affecting  the  optic  vesicle,  as  already 
noted,  the  surrounding  mesoderm  exhibits  a  differentiation,  marked  by  active 
cell-proliferation  and  condensation,  which  results  in  the  production  of  a  dis- 
tinct envelope  of  actively  growing  embryonal  connective  tissue.  The  posterior 
segment  of  this  mesodermic  capsule  undergoes  further  differentiation  into  an 
outer,  relatively  dense  tuuic,  which  becomes  the  sclerotic,  and  an  inner  coat, 
which  later  is  distinguished  by  a  looser  texture  and  greater  vascularity. 

Very  early  in  the  history  of  the  eye  the  lens-sac  is  separated  from  the 
overlvins:  ectoderm  bv  a  thin  stratum  of  mesodermic  tissue  :  later  this  laver 
becomes  cleft,  one  part  remaining  as  a  thin  mesodermic  sheet  over  the  outer 
surface  of  the  young  lens,  the  other  adhering  to  the  inner  surfjxce  of  the  ecto- 
derm. The  strata  of  mesoderm  so  formed  constitute  the  pupillary  membrane 
and  the  substantia  propria  of  the  cornea,  the  intervening  cleft  being  the 
earliest  indication  of  the  future  anterior  chamber.  The  forward  growth  of 
the  thin  double-layered  lip  of  the  optic  cup  beyond  the  equator  of  the  young 
lens  and  over  its  anterior  surface  is  accompanied  by  a  proliferation  of  the 
adjacent  mesoderm  and  the  extension  of  the  primitive  choroidal  stratum 
which  accompanies  the  retinal  tissue  in  its  growth  forward.  This  anterior 
extension  of  the  li{)  of  the  optic  cup  and  the  associated  mesoderm  gives  rise 
to  the  rudiments  of  the  iris  and  ciliary  body,  this  expansion  progressing  until 
almost  the  entire  anterior  surface  of  tlie  lens  is  covered  :  the  central  unoccu- 
pied area  thus  corresponds  to  a  circular  aperture  within  the  retino-iridial 
sheet  which  remains  as  the  pupil.  In  the  (!arly  stages  this  ojx'ning  is  closed 
by  the  vascular  pupillary  membrane,  a  temporary  structure  which  disappears 
before  birth. 

The  active  growth  of  the  thin  lips  of  the  optic  cup  results  in  still  greater 
attenuation  of  the  component  strata  of  epitiielial  cells  until  these  are  repre- 
sented by  the  low  columnar  and  cuboidal  elements  of  the  pars  ciliaris  and 
pars  iridica  retinte  ;  the  pigmentation  of  these  epithelial  cells  also  increases 
until  the  anterior  portion  of  both  layers  is  loaded  with  color-particles  and 
the  conspicuous  pigment  layer  covering  the  posterior  surfjxce  of  the  iris  is 
produced.    The  accompanying  mesodermic  layer  thickens  and  gives  rise  to 
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the  stroma  and  muscular  tissue  of  the  iris  and  ciliary  body,  and  for  a  time  is 
also  continuous  with  the  vascular  tunic  of  the  lens. 

About  the  beginning  of  the  third  month,  in  consequence  of  an  unusual 
active  lateral  expansion,  the  epithelial  layers  are  thrown  into  a  series  of  radial 
folds  which  surround  tlie  equator  of  the  lens  :  these  plications  are  the  earliest 
suggestion  of  the  future  ciliary  processes,  and  into  them  shortly  afterward 
delicate  processes  of  mesotlcrniic  tissue  extend  ;  later  these  become  more 
robust,  and  in  them  the  characteristic  richly  vascular  structures  of  the  ciliary 
processes  develop.  In  contrast  to  the  dec])  ])igmentation  involving  both 
epithelial  layers  of  the  pars  iridica  retinie,  only  the  outer  stratum  of  the  pars 
ciliaris  contains  pigment,  the  elements  of  the  inner  layer  remaining  uncolored 
and  retaining  to  a  greater  extent  their  original  columnar  form. 

The  corneal  stroma  becomes  blended  M  ith  that  of  the  sclerotic  tunic,  so 
tiiat  eventually  the  two  become  continuous.  AVith  the  formation  of  tlie  ante- 
rior chamber  the  mesodermic  elements  immediately  in  contact  with  the 
lymph-s])ace  differentiate  into  flattened  cells  which  become  the  posterior 
endothelium  of  the  cornea  and  the  anterior  endothelium  of  the  iris.  The 
formation  of  the  spaces  of  Fontana  and  of  the  trabecuhe  of  the  ligamentum 
pectinatum  iridis  is  closely  associated  w'ith  the  differentiation  of  the  ante- 
rior extremity  of  the  primitive  choroidal  tract  and  the  production  of  the 
membrane  of  Descemet ;  to  this  tract  the  name  pars  uveaUa  cornece  has  been 
applied. 

Development  of  the  Vitreous  Body. — This  is  intimately  related  with 
the  primary  changes  of  the  optic  vesicle.  As  already  described,  the  invagina- 
tion of  the  latter  sac  involves  not  only  the  external  portion  directed  toward  the 
surface,  but  affects  likewise  its  inferior  wall,  resulting  in  the  production  of 
the  choroidal  fissure,  which  leads  from  the  exterior  into  the  cavity  of  the 
secondary  optic  vesicle.  The  surrounding  mesoderm  takes  advantage  of  the 
cleft  so  established  to  gain  entrance  into  the  interior  of  the  optic  cup,  wdiich 
soon  becomes  filled  with  an  extremely  delicate  mesodermic  tissue  occupying 
the  space  between  the  young  lens  and  the  retina.  The  primitive  vitreous 
early  becomes  vascular  by  the  multiplication  and  extension  of  the  branches 
of  the  hyaloid  artery,  which  is  continued  from  the  central  retinal  vessels  as 
far  forward  as  the  inner  and  posterior  surface  of  the  lens,  where  they  spread 
out  to  aid  in  forming  the  vascular  tunica  lentis. 

The  vitreous  body,  therefore,  must  be  regarded  as  composed  of  modified 
mesoderm,  and  presents  the  characteristics  of  embryonal  connective  tissue 
throughout  the  earlier  periods  of  its  growth.  Later,  the  blood-vessels  of  the 
vitreous  disappear  and  the  structural  elements  become  reduced  to  atrophic 
cells  of  irregular  form  and  distribution  :  the  remains  of  the  hyaloid  vessels 
are  sometimes  observed  even  after  birth  as  a  delicat(>  cord  stretching  from  the 
optic-nerve  entrance  toward  the  lens.    (See  page  403.) 

The  peri])heral  zone  of  the  young  vitreous  becomes  condensed,  and  pro- 
duces the  hyaloid  membrane  which  limits  the  vitreous  on  all  sides  except 
behind  the  lens,  and  is  continued  forward  to  fade  aw^ay  over  the  ciliary 
region. 

Development  of  the  :Byelids.— This  begins  quite  early  as  an  upper 
and  lower  fold  of  the  integumentary  layer,  which  grow  over  the  corneal  surface 
until  they  meet  and  fuse.  The  fusion  of  the  palpebral  folds  in  man  takes 
place  early  in  the  third  month  of  fetal  life,  the  union  continuing  until  shortly 
before  birth,  when  the  permanent  separation  is  effected  by  cleavage  through 
the  common  epithelial  layer  formed  by  the  union  of  the  ectoderm  alono-  the 
line  of  juncture. 
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During  the  period  of  fusion  the  mesoderm  contained  within  the  palpebral 
folds,  bounded  externally  and  internally  by  coverings  of  ectoderm,  differen- 
tiates into  thin  layers,  which  give  rise  to  the  subcutaneous  tissues,  the  mus- 
cular structures,  and  the  subconjunctival  or  tarsal  stratum.  The  Meibomian 
and  other  glands  contained  within  the  lid  are  derived  as  ingrowths  and  pro- 
liferations of  the  ectoderm  covering  the  adjacent  surface  of  the  innnature  lid. 
The  tear-gland  appears  during  the  third  month  as  a  solid  ingrowth  of  the 
conjunctival  ectoderm  close  to  the  upper  lid  ;  later  the  epithelial  ramifications 
acquire  a  lumen.  The  ocular  muscles,  together  with  the  various  structures 
contained  within  the  orbit,  with  the  exception  of  the  nerve-fibers,  primarily 
are  derivatives  of  the  mesoderm. 

The  foregoing  sketch  of  the  development  of  the  eyeball  shows  that  the 
derivatives  of  the  outer  and  middle  blastodermic  layers  may  be  grouped  a& 
follows  : 

A.  From  the  ectoderm  are  derived — 

Anterior  epithelium  of  the  cornea  and  its  conjunctival  continuation. 
Crystalline  lens,  including  the  epithelium  of  its  anterior  capsule. 
Retina,  including  the  anterior  extensions  forming  the  pars  ciliaris  and 

pars  iridica. 
Sustentacular  tissue  of  the  optic  nerve. 

B.  From  the  mesoderm  are  derived — 
Corneal  stroma  and  endothelium. 
Sclerotic  coat. 

Vascular  tunic,  including  the  choroid  and  the  connective-tissue  stroma 

of  the  ciliarv  region  and  iris. 
Vitreous  body. 

Suspensfjry  apparatus  of  the  lens. 

Connective-tissue  investments  of  the  optic  nerve. 

Vascular  tissues  of  the  retina. 
The  epithelial  tissues  of  the  eyelids  and  conjunctival  sac,  including  the 
lid-glands,  the  lachrymal  gland,  and  the  lining  of  the  tear-channels,  are 
derivatives  of  the  ectoderm ;  the  surrounding  connective  tissues  are  products 
of  the  mesoderm. 

ANATOMY  OF  THE  EYE. 

The  Orbits. — The  orbits  are  horizontally-placed  pyramidal  foss?e,  the 
anteriorly  and  somewhat  outwardly  directed  bases  of  which  correspond  with 
the  facial  plane,  their  apices  being  occupied  by  the  inner  extremity  of  the  sphe- 
noidal fissure.  The  angles  between  the  four  conventional  walls  of  the  space 
are  not  sharply  marked,  but  rounded  ofp,  so  tiiat  the  surfaces  pass  gradually  one 
into  the  other,  each  orbital  cavity  approaching  often  more  closely  the  conical 
than  the  pyramidal  form.  The  inner  walls,  com])osed  of  the  nasal  process 
of  the  superior  maxilla,  the  lachrymal,  the  ethmoid,  and  the  body  of  the 
sphenoid,  lie  generally  parallel  with  each  other ;  the  external  walls,  formed 
by  the  orbital  surface  of  the  malar  bone  and  great  wing  of  the  sphenoid, 
on  the  contrary,  form  almost  a  right  angle  between  their  planes.  The  roof 
and  floor,  composed  respectively  of  tlie  frontal  and  small  wing  of  the  sphenoid 
and  of  the  malar,  the  superior  maxillary,  and  the  palate  bones,  gradually 
converge  toward  the  apex  of  the  generally  conical  cavity. 

The  01-bital  axes  do  not  correspond  accurately  with  the  horizontal  plane, 
since  at  their  posterior  poles  they  lie  from  15°  to  20°  above ;  when  prolonged 
backward,  the  axes  meet  in  the  vicinity  of  the  sella  Turcica  and  include  an 
angle  of  about  43°.    The  distance  between  the  anterior  ends  of  the  orbital 
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axes  is  approximately  60  mm.  The  deptli  of  the  orbit  varies  from  40-45 
mm.,  being  usually  from  '?>-b  mm.  greater  in  the  male  than  in  the  female 
skull.    The  capacity  of  the  adult  orbit  approximates  30  c.cm. 

The  irregularly  (juadrilateral  base  of  the  orbit,  corresponding  to  the 
facial  apertures,  is  bounded  by  the  thickened,  rounded,  and  partially  over- 
hanging margins  contributed  by  the  frontal,  malar,  and  superior  maxillary 
bones.  The  apex  is  occupied  by  the  inner  and  wider  extremity  of  the 
sphenoidal  tissure,  the  narrower  contimiation  of  which  extends  upward  and 
outward  as  a  conspicuous  cleft  sejiarating  the  roof  and  outer  wall  of  the 
orbit  throughout  the  posterior  half  of  their  line  of  meeting.  The  optic 
foramen  lies  slightly  to  the  inner  and  u])per  side  of  the  apex  of  the  orbit, 
within  the  smaller  ala  of  the  sphenoid.  The  angle  between  the  external  wall 
and  the  Hoor  is  occupied  throughout  its  posterior  three-fourths  by  the  narrow 
and  elongated  sphenomaxillary  fissure,  which  conuiiunicates  with  the  spheno- 
maxillary fossa  at  its  posterior  inner  end,  and  wath  the  zygomatic  fossa  at  its 
anterior  outer  extremity.  The  posterior  j)art  of  the  orbital  floor  is  grooved 
by  the  beginning  of  the  infraorbital  canal ;  the  contour  of  the  anterior 
margin  of  the  roof  is  interru])ted  by  the  su})raorbital  notch  or  foramen  ;  the 
inner  wall  below  lodges  the  lachrymal  groove,  formed  by  the  lachrymal  and 
superior  maxillary  bones,  while  higher,  in  close  relation  with  the  internal 
boundary  of  the  arched  roof,  is  the  depression  occupied  by  the  pulley  of  the 
superior  oblique  muscle.  Behind  the  external  angular  process  lies  the 
lachrymal  fossa  for  the  accommodation  of  the  tear-gland. 

The  Byelids  and  the  Conjunctiva. — The  eyeHds  are  two  broad  mov- 
able folds  of  integument  supplemented  and  strengthened  by  muscular  bundles 
and  dense  fibrous  tissue,  and  lined  by  a  mucous  membrane  :  they  are  attached 
to  the  upper  and  lower  orbital  margins,  and  aid  in  covering  in  the  structures 
at  the  base  of  the  orbit  and  the  projecting  anterior  segment  of  the  eyeball. 

As  already  noted,  the  eyelids  develop  as  duplications  of  integument  which 
gradually  a})proach,  and,  Anally,  about  the 
end  of  the  third  month,  fuse  along  the  ap- 
proximated edges  to  form  a  closed  sac  sur- 
rounding the  anterior  segment  of  the  eye- 
ball.   Before  birth  the  ])ermanent  separa- 


Fig.  12.— Eyelids  naturally  opened,  from  a  photo- 
graph (Merkel).  Horizontal  plane  passes  through  inner 
canthus. 


Fig.  13.— Right  eve  from  before,  the  eye- 
lids separated  by  hooks  (Quain-Merkel)  :  Ps, 
plica  semilunaris :  Pis,  Pit,  superior  and  in- 
ferior lachrymal  puncta  ;  Car,  lachrymal  car- 
uncle :  internal  tarsal  ligament. 


tion  of  the  lids  takes  place,  by  which  time  the  skin  in  relation  to  the  eyeball 
has  lost  its  original  integumentary  characteristics,  and  has  assumed  those  of 
a  mucous  membrane — the  conjunctiva. 

The  palpebral  fissure,  bounded  by  the  arched  free  margins  of  the  eyelids, 
resembles  an  almond  in  its  general  form  (Fig.  12).    Its  length,  measured 
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from  its  extreme  angles,  is  usually  between  28  and  30  mm.,  and  its  greatest 
width  when  open  is  about  13  mm*. 

Individual  variations  from  these  measurements  are  very  common,  shorten- 
ing and  narrowing  of  the  opening  being  not  infrequent  to  the  extent  of 
several  millimeters ;  slight  differences  in  the  palpebral  clefts  of  the  two  eyes 
exist  in  many  instances. 

The  symmetry  of  the  palpebral  opening  is  broken  by  the  variation  in  its 
two  angles,  the  outer  or  lateral  caiithus  being  bounded  by  the  converging  borders 
which  directly  continue  the  arches  of  the  lids  until  they  meet  at  an  acute 
angle,  while  the  iniier  or  mesial  cantlm.s  is  situated  at  the  junction  of  the 
slightly  arching  and  almost  parallel  margins  which  enclose  the  diverticulum 
known  as  the  lacas  lacrymalis,  or  tear-lake.  The  latter  is  formed  by  the 
sharp  deviation  which  the  free  lid-margins  undergo  about  5  mm.  before  reach- 
ing their  mesial  juncture,  their  subsequent  direction  being  almost  horizontal 
until  they  converge  just  before  uniting  (Fig.  VI). 

The  space  included  between  the  rounded  mesial  extremities  of  the  eyelids, 
or  lachrymal  lake,  is  partly  occupied  by  a  low,  spongy-looking  elevation  of 


Fig.  14.— Relations  of  the  palpebral  opening  to  the  eyeball  (blue),  conjunctival  sac  (red),  and  orbit  (yellow) 

(Merkel). 

reddish  color,  the  caruneula  lacrymalis ;  the  caruncle  is  an  isolated  area  of 
skin  containing  a  few  large  modified  sweat-glands,  in  addition  to  sebaceous 
follicles  connected  with  the  follicles  of  the  minute  hairs  which  spring  from 
the  summit  of  the  elevation.  Fat-cells  and  involuntary  muscular  tissue  are 
also  usually  present.  The  lateral  or  outer  extremity  of  the  lachrymal  car- 
uncle sinks  into  the  surrounding  conjunctival  tissue,  which  in  this  position 
presents  a  vertically  placed  crescentic  fold,  the  plica  semilunaris  (Fig.  13). 
This  duplicature  represents  a  rudimentary  nictitating  membrane,  or  third  eye- 
lid, which  in  many  lower  types,  as  birds  or  amphibians,  attains  conspicuous 
dimensions.  Minute  cartilaginous  plates  and  a  few  glandular  acini  lodged 
within  the  base  of  the  semilunar  fold  are  additional  rudimentary  representa- 
tives of  the  crescentic  cartilage  and  Harder's  gland  of  the  lower  animals. 

The  relation  of  the  anterior  segment  of  the  eyeball  to  the  palpebral  open- 
ing varies  with  the  position  of  the  eyeball  and  the  approximation  of  the  lids. 
When  the  eyelids  are  apart  and  the  eye  directed  horizontally  forward  toward 
distant  objects,  the  cornea  lies  mid^vay  between  the  lateral  canthus  and  the 
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lachrymal  puncta,  or  slightly  external  to  tlie  middle  of  the  line  joining  the 
canthi.  The  axis  of  the  palpebral  cleft  does  not  quite  coincide  with  the 
horizontal,  since  the  mesial  canthus  lies  a  little  lower  than  the  external. 
The  cornea  is  une(pially  covered  by  the  two  lids,  the  lower  lid  usually  not 
quite  reaching  the  corneal  margin,  while  the  upper  lid  covers  a  small  variable 
segment  of  the  periphery  above.  The  extent  to  which  the  cornea  is  covered 
by  the  upper  lid  is  an  important  factor  in  producing  staring  or  somnolent 
expressions  (Fig.  14). 

Closure  of  the  eye  is  ciiiefly  effected  by  the  up])er  lid,  whicii  from  its 
larger  size  and  general  mobility  covers  about  three-fourths  of  the  exposed 
portion  of  the  eyeball.  The  excursion  made  by  the  upper  lid  in  closing  and 
opening  the  palpebral  orifice  measures  about  3  mm.,  the  distance  traversed 
by  the  lower  lid  being  some- 
what less.  When  the  eyelids 
are  closed  during  sleep  the  eye- 
ball is  rotated,  so  that  the  cornea 
lies  above  and  slightly  to  the 
median  side  :  closure  of  the  lids 
while  awake,  however,  is  not 
attended  with  such  change,  the 
position  of  the  cornea  being 
then  maintained.  The  slit- 
like palpebral  fissure  of  the 
closed  lids  lies  below  the  hori- 
zontal line  drawn  throug-h  the 
mesial  canthus,  the  arched  mar- 
gin of  the  upper  lid  being  di- 
rected downward,  or  just  the 
opposite  to  its  form  when  the 
eye  is  open. 

The  eyelid  in  the  vicinity 
of  its  free  border  presents 
three  principal  strata  when 
examined  in  section :  (1)  the 
skin  and  subcutaneous  tissue ; 
(2)  the  muscular  layer ;  (3)  and 
the  tarsal  plate  covered  with 
the  conjunctiva  (Fig.  15). 

The  integument  of  the  eyelid 
presents  the  usual  details  of 
delicate  skin  in  other  locations, 
the  hair-follicles  and  surface 
hairs  being,  liowever,  extremely 
small  and  the  subcutaneous  tis- 
sue devoid  of  fat.  The  rounded 
outer  margins  of  the  lids  bear 
conspicuous  large  hairs,  the 
eyelashes  or  cilia;  those  of  the 
upper  lid  are  larger  and  more 
numerous  than  those  of  the 
lower,  the  former  measuring: 

from  9-12  mm.  in  length  and  numbering  about  150,  while  the  latter  are  only 
half  as  many  and  only  from  6-8  mm.  long.    The  liair-follicles  of  the  cilia 


?P-  IS'-^f^rt'cal  section  through  the  upper  eyelid 
( \\  aldeycr) :  n,  skin:  b,  cut  fibers  of  the  orbicularis;  b 
ciliary  bundle  of  orbicularis:  r,  muscle  (involuntarv)  of 
Muller:  d,  conjunctiva:  e,  tarsal  plate  in  which  are  im- 
bedded the  Meibomian  glands  (/) ;  q,  sebaceous  glands  near 
ciha  (h) ;  ?,  small  hairs  of  integument ;  j,  sweat-glands  •  k 
posterior  tarsal  glands.  ' 
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are  arranged  in  double  or  triple  rows  near  the  anterior  l)order  of  the  lid. 
The  average  lite  of  an  evelash  is  probably  about  four  months,  the  older  and 
thieker  eilia  being  constantly  re})laeed  by  the  yomig  and  slend(!r  hairs. 

The  niuscuhir  layer  of  the  eyelid  consists  essentially  of  tiie  palpebral  por- 
tion of  the  orblcti/ari.s  palpebrdrnin,  which  is  arranged  as  co;icentric  fibers, 
which  occupy  the  interval  between  the  subcutaneous  tissue  and  the  tarsal 
plate  and  its  associated  tendons.  The  elliptical  muscular  bundles,  when 
cut  in  longitudinal  section  of  the  evclid,  appear  as  irrcguhir  grou])s  of  trans- 
versely cut  fibers.  The  innermost  of  the  concentric  bumlles  of  the  orbicularis 
lies  close  to  the  inner  margin  of  the  lid,  and  constitutes  a  robust  and  pai-tly 
isolated  group  of  fibers  known  as  the  ciliary  muscle  or  muscle  of  Jiiolan. 
The  fibers  composing  these  bundles  surround  the  structures  occupying  tliis 
part  of  the  border  of  the  lid,  including  the  hair-follicles,  sebaceous  glands, 
glands  of  Moll,  and  the  ducts  of  the  Meibomian  glands  (1^'ig.  15). 


Fig.  16. — Dissection  of  the  tarsal  plates  and  their  liffanients  (Testnt) :  1,  2,  upper  and  lower  tarsus  ; 
3,  4,  external  and  internal  tarsal  ligaments;  .5,  expanded  tendon  of  levator  iwilpt'hni' ;  0,  0',  septum  orbi- 
tale  ;  7,  lachrymal  sac  ;  8,  supraorbital  vessels  and  nerve  ;  'J,  lachrymal  artery  and  nerve  :  10,  11,  openings 
for  supra- and  infratrochlear  nerves;  12,  opening  for  the  angular  vein;  13," tendon  of  superior  oblique 
muscle. 

The  fibrous  stratum  of  the  eyelid  has  as  its  principal  constituent  the 
crescentic  plate  of  firm  fibrous  tissue  known  as  the  tarsus  or  iarsdl  cariUmje. 
This  structure,  composed  entirely  of  dense  connective  tissue  and  without 
cartilage-cells,  exists  in  both  eyelids  as  a  sustaining  band,  which  is  important 
in  maintaining  the  j^roper  form  of  the  lid-margins.  The  tarsal  ])lates  vary 
in  size  in  the  two  eyelids,  the  upper  tarsus  being  broader  and  more  arched 
than  that  within  the  lower  lid.  The  extremities  of  the  tarsi  are  united  to 
each  other  and  to  the  orbital  walls  by  firm  bands  of  fibrous  tissue,  the  mesial 
and  lateral  palpebral  lif/ameiiU.  The  U])per  tarsus,  corresponding  with  the 
greater  width  of  the  superior  lid,  is  wider  than  the  lower  plate,  measuring 
about  10  mm.  at  the  ])oint  of  its  greatest  breadth,  or  about  twice  the  width 
of  the  lower.  Tn  length  the  tarsi  are  almost  ecpial,  and  extend  along  nearly 
the  entire  lid-margin,  about  the  middle  of  which  they  possess  their  greatest 
thickness,  diminishing  toward  either  end  as  well  as  toward  their  convex 
borders. 

The  tendon  of  the  levator  palpebne,  as  its  lower  broadened  end  expands 
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into  the  upper  eyelid,  becomes  closely  related  to  the  inward  extension  of  the 
orbital  fascia,  wliiuh,  as  the  septum  orbitale,  passes  from  its  peripheral  attach- 
ment at  the  orbital  margin  into  the  eyelids,  forming  a  partition  which  closes 
in  the  ])eriocnlar  structures  and  prevents  the  extrusion  of  the  orbital  fat  be- 
tween the  eyeball  and  orbit  (Fig.  16). 

In  the  upj)er  lid  the  septum  orbitale  or  j)alpebral  fascia  blends  with  the 
tendon  of  the  levator  palpoi)ne,  the  two  forming  a  layer  of  connective  tissue 
which  intervenes  between  the  orbicularis  and  the  conjunctiva  above,  and  is 
largely  inserted  into  the  tarsus  below,  some  bundles  passing  in  front  of  the 
tarsal  plate.  In  the  lower  lid  the  septum  joins  the  tarsus  in  common  with 
fascial  expansion  connected  with  the  inferior  straight  and  oblique  muscles. 

The  relations  of  the  upper  tarsal  plate  to  the  expanded  tendon  of  the 
levator  palpebne  muscle  are  most  intimate.  The  fibrous  tissue  of  the  tendon 
of  this  nuiscle  is  arranged  in  three  layers — the  upper,  which  expands  into 
bundles  which  are  inserted  into  the  summit  of  the  conjunctival  fornix  and 
adjacent  j)art  of  the  orbital  portion  of  the  lid,  while  in  the  tarsal  })ortion  the 
fibrous  l)undles  interlace  with  the  muscle-fibers  of  the  orbicularis  palpebrarum, 
on  the  inner  surface  of  which  they  form  an  imperfect  fibrous  sheet. 

The  middle  ])art  of  the  levator  aponeurosis  contains  bundles  of  involun- 
tary muscle,  the  so-called  su])erior  palpebral  muscle  of  Midler,  which  are 
inserted  principally  into  the  U])per  margin  of  the  tarsal  plate.  The  lower 
stratum  of  the  tendon  consists  of  bundles  of  fibrous  tissue,  and  is  attached  at 
various  points  to  the  conjunctiva,  and  is  closely  blended  with  the  fascial  })ro- 
cess  connected  with  the  superior  rectus  muscle.  In  the  lower  lid  the  exj)an- 
sions  of  the  fascial  process  connected  with  the  inferior  rectus  rej)lace  the 
levator  aponeurosis  of  the  upper  lid.  Bundles  of  involuntary  muscle  occur 
also  in  tiie  lower  lid,  and  constitute  the  inferior  jtaljjebral  muscle,  while  the 
fibrous  bundles  are  interwoven  with  the  fasciculi  of  the  orbicularis  palpe- 
brarum. 

The  ocular  surface  of  the  tarsal  plates,  when  inspected  during  life  after 
eversion  of  the  eyelids,  presents  numerous  parallel  vertical  rows  of  small 
yellowish  granules  :  these  latter  are  the  acini  of  the  Meibomian  or  tarsal 
(jlands  seen  through  the  conjunctiva.  When  examined  more  carefullv  the 
tarsal  glands  are  seen  to  be  enlarged  and  modified  sebaceous  glands  imbedded 
within,  and  occupying  almost  the  entire  thickness  of,  the  dense  connective 
tissue  forming  the  tarsi  ;  they  number  between  thirty  and  forty  in  the  upper 
lid  and  from  twenty  to  thirty  in  the  lower.  Each  gland  consists  of  a  straight 
or  slightly  sinuous  vertical  duct,  from  the  sides  of  which  open  numerous 
diverticula  or  alveoli.  The  Meibomian  glands  occupying  the  middle  of  the 
tarsi  are  longer  and  more  vertically  disjjosed  than  those  placed  nearer  the 
extremities  of  the  plates,  where  the  glands,  in  addition  to  being  shorter,  not 
infrequently  terminate  by  sharply  bending  on  themselves.  The  ducts  ter- 
minate as  minute  puncta  arranged  in  a  row  along  the  margin  of  the  eyelid 
near  its  sharp  inner  border,  and  arc  lined  by  a  direct  continuation  of  the 
stratified  Wjuamous  epithelium  of  the  adjacent  integument;  the  acini  of  the 
glands  are  clothed  with  cuboidal  cells  which  resemble  the  elements  found  in 
other  sebaceous  glands,  containing  numerous  fat-dro})lets  within  their  proto- 
plasm. 

The  free  margins  of  the  eyelids  present  an  outer  and  inner  border,  which 
differ  in  their  forms  and  relations  ;  the  outer  border  is  somewhat  rounded  and 
beset  with  the  long  curved  cilia,  while  the  inner  is  sharply  delined  by  the 
line  of  juncture  of  integument  and  conjunctiva,  along  which  open  the  orifices 
of  the  Meibomian  glands.    In  addition  to  the  hair-follicles  and  associated 
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sebaceous  glands  lodged  within  the  palpebral  margin,  a  number  of  enlarged 
and  modified  sweat-glands,  or  (/lands  of  Moll,  lie  about  midway  between  the 
two  borders  of  the  lid,  and  open  in  close  proximity  to  or  into  the  mouths  of 
the  hair-follieles ;  the  glands  of  Moll  in  the  \\\)\wy  lid  extend  into  the  sur- 
rounding tissue  to  a  depth  equal  to  the  extremities  of  the  hair-follicles  in 
the  lower  lid — indeed,  exceeding  the  hair-follicles  in  length.  The  ends  of  the 
hair-follicles,  sebaceous  glandh,  and  glands  of  Moll  are  surrounded  by  the 
deepest  fibers  of  the  ciliary  nuiscle  of  Riolan,  the  greater  part  of  the  group 
of  muscular  bundles  lying  between  the  glands  of  Moll  and  the  tarsus. 

The  conjunctiva  invests  the  ocular  surface  of  the  eyelids  and  the  anterior 
segment  of  the  eyeball,  and  is,  therefore,  appropriately  divided  into  the  pdl- 
pebvdl  and  hidbdr  portions.  The  annular  fold  which  marks  the  peripheral 
limit  of  the  conjunctival  sac  is  known  as  the  fornix  conjunctiva'. 

The  palpebral  conjunctiva  presents  a  further  subdivision  into  the  tarml 
and  orbital  areas,  based  on  the  differences  which  characterize  these  two  seg- 
ments. The  conjunctiva  covering  the  tarsus,  directly  continuous  with  the 
integument  at  the  lid-margin,  so  closely  adheres  to  the  firm  fibrous  tarsal  plate 
that  the  conjunctival  membrane  is  immovably  attached  to  the  fibrous  lamella ; 
the  Meibomian  glands  indistinctly  show  through  the  conjunctiva  as  vertically 
arranged,  parallel,  yellowish-white  lines. 

The  orbital  conjiinctiva,  covering  the  fascial  and  tendinous  expansions 
which  are  blended  with  the  arched  border  of  the  tarsi,  is  attached  by  the 
loose  subconjunctival  connective  tissue  to  the  subjacent  structures,  upon  which 
it  freely  moves.  In  contrast  to  the  velvety  appearance  of  the  tarsal  j)ortion, 
the  orbital  conjunctiva  is  smooth  and  glistening,  although  less  firmly  fixed  to 
the  underlying  tissues. 

The  [)eculiar  velvety  appearance  of  the  tarsal  conjunctiva  depends  upon 
the  presence  of  minute  interlacing  furrows  and  intervening  ridges  and 
])aj)ill?e;  the  latter  are  especially  well  developed  near  the  orbital  border  of 
the  tarsus.  The  lym[)hoid  characteristics  of  the  subepithelial  layer  of  the 
tarsal  conjunctiva  are  conspicuous  in  the  situations  in  which  the  tarsal 
papillte  are  best  developed  ;  hence  in  the  vicinity  of  the  tarsal  border  the 
general  lymphoidal  infiltration  is  often  i-eplaccd  by  local  aggregations  of  cells 
in  the  fi)rin  of  lymph-follicles  or  trachoma-glands.  These  structures,  how- 
ever, are  very  variable  in  their  position,  number,  and  size,  and  may  be  entirely 
wanting  or  found  in  other  parts  of  tho  conjunctival  sac. 

At  tiie  mesial  eanthus  the  conjunctiva  lines  the  lachrymal  lake,  and  on 
the  caruncle  maintains  its  primary  integumentary  character.  Just  external 
or  lateral  to  the  puncta  the  conjunctiva  presents  a  well-marked  vertical  cres- 
centic  fold,  the  plica  seniilana/-i.s,  which  represents  a  rudimentary  nictitating 
membrane. 

The  conjunctiva  covering  the  tarsi  and  the  cornea  is  more  fixed  than  else- 
where, being  in  these  situations  so  inseparably  attiiched  to  the  subjacent 
structures  tliat  it  fi)llows  the  fre(juent  movements  ()f  these  ])arts. 

The  remaining  portions  of  the  conjunctiva  are  sejmrated  from  the  imder- 
lying  structures  by  the  subconjunctival  tissue,  which,  on  account  of  its  loose 
and  elastic  nature,  allows  the  conjunctiva  to  be  moved  to  and  fro  with  readi- 
ness. The  snme  loose  character  of  this  areolar  tissue  ])ermits  the  accumula- 
tion, and  consequent  distortion,  of  extravasnted  fluids  to  an  enormous  degree. 

The  epithelium  lining  the  several  ])ortions  of  the  conjunctival  sac  varies; 
tims,  over  the  tarsal  region  tiic  cells  retain  the  stratified  scpiamous  character 
of  the  adjacent  ])al|)ebral  integinnent;  shortly  beyond  the  attached  border 
of  the  tarsi  the  cells  assume  a  colunniar  form,  which  they  retain  over  the 
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fornix  on  to  tlie  bulbar  surfiicc,  ^liere  tbe  cells  ajjain  become  squamous. 
This  latter  tvpe  ineludes  the  elements  constitutino-  the  anterior  epithelium 
of  the  cornea.  The  subepith(>lial  stroma  throiigiiout  the  orbital  eonjunctiya 
is  esjH'ciallv  rich  in  elastic  fibers,  which  are  well  rei)resente(l  in  the  fornix 
and  bulbar  conjunetiva  almost  as  far  as  the  corneal  margin.  In  the  latter 
vicinitv  the  tuniea  propria  of  the  conjunctiva  ends  by  blending  with  the 
sclerotic,  while  the  epithelium  alone  contimies  uninterru))tedly  over  the 
corneal  surface:  the  termination  of  the  conjunctival  stroma  is  sometimes 
indicated  by  an  annular  thickening  which  corresponds  to  the  limbus  corneae 
in  ])()siti()n. 

(J lands  have  been  described  within  the  more  concealed  portions  of  the 
conjunctival  sac,  those  of  the  fornix  very  closely  resembling  the  tear-gland 
in  structure.  Adipose  tissue  not  infrequently  occurs  as  groups  of  fat-cells; 
in  advanced  age  the  accunndation  becomes  conspicuous  as  a  yellowish  patcli 
(;lose  to  the  corneal  margin. 

The  blood-vcs.scLs  oj  the  eyd'uU  are  derived  from  several  sources  (Fig.  17), 


Fig.  17.— Blood-vessels  of  the  eyelids  (Testut) :  1,  supraorbital  artery  and  vein  ;  2,  nasal  artery,  anas- 
tomosins  with  terminal  branch  of  angular  (:?)  of  facial  artery  (4);  Ti,  infraorbital  artery  ;  ti,  superficial 
temporal  artery:  (1',  malar  branches  of  transverse  facial:  7.  lachrymal:  8,  sni)erior  pali)el)ral  artery, 
with  secondary  arch  (H'),  and  anastomnses  (9)  with  temporal  and  lachrymal ;  10,  inferior  paljieljral  artery  ; 
11,  facial  vein  ;  12,  angular  vein  ;  13,  sui)erlicial  temporal  vein. 

since  all  the  surrounding  neighboring  arteries  contribute  branches  which 
more  or  less  directly  take  ])art  in  the  supply  of  the  paljM'bral  folds.  The 
principal  blood-sui)])ly  of  the  eyelids  is  from  the  internal  and  external  i>al- 
])cbral  arteries  ;  the  former  are  direct  branches  from  the  o])hthalmic,  usually 
i)y  a  common  trindv  given  off' just  before  the  ophthalmic  artery  divides  into 
its  frontal  and  nasal  l)ranches,  and  the  latter  are  derived  from  the  lachrymal. 
The  internal  palpebral  arteries,  commonly  somewhat  larger  than  the  external, 
include  a  superior  and  inferior,  which  after  piercing  the  pal])ebral  fascia  as 
the  marginal  arteries,  run  along  the  free  margin  of  the  corresponding  eyelid, 
from  2.5-3  mm.  removed,  and  anastomose  with  the  external  ])al]iebral  vessels 
to  form  the  up])er  and  lower  tarsal  arches.  The  transverse  facial  and  su]>er- 
ficial  temporal  contribute  branches  which  join  in  the  anastomotic  circuit  at 
the  outer  margin  of  the  orbit. 
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In  the  upper  eyelid,  and  sometimes  less  perfectly  developed  in  the  lower 
as  well,  a  secondary  tarsal  an^h  is  formed  by  a  branch  of  the  superior  pal- 
pebral, the  superior  marginal  artery,  \vhich  runs  along  the  convex  border 
of  the  tarsal  plate  between  the  lamelhe  of  the  tendon  of  the  levator  pal- 
pebnie.  Numerous  small  twigs  join  the  tarsal  arches,  and  establish  an 
elaborate  anastomosis  in  which  the  infraorbital  and  facial  arteries  also  take 
part.  Branches  of  distribution  pass  forward  from  the  tarsal  arches  for  the 
supply  of  the  integument  and  orbicularis,  and  backward,  by  means  of  per- 
forating and  encircling  twigs,  to  supply  the  tarsus  and  Meibomian  glands  and 
the  palpebral  conjunctiva.  The  supply  of  the  tjirsus  is  maintained  especially 
by  the  superior  tarsal  arch,  while  the  inferior  arch  is  devoted  to  the  nutrition 
of  the  margin  of  the  eyelid.  Just  before  the  internal  palpebral  artery 
reaches  the  lid  numerous  twigs  are  distributed  to  the  lachrymal  caruncle, 
tear-sac,  and  the  tissues  surrounding  the  latter  and  the  canaliculi.  The  naso- 
lachrymal  canal  receives  its  supply  from  a  branch  formed  by  the  anastomosis 
of  the  infraorbital  with  the  inferior  internal  palpebral  artery. 

The  veins  of  the  eyelids  do  not  accurately  follow  the  course  of  the  arteries, 
but  are  arranged  in  two  series,  the  post-tarsal  and  pre-tarsal.  The  former 
collects  the  blood  from  the  conjunctival  surface  and  a  part  of  the  Meibomian 
glands,  and  is  tributary  to  the  ophthalmic  vein  ;  the  latter  receives  radicles 
from  the  integument,  muscular  structure,  and  the  Meibomian  glands,  and 
forms  a  subcutaneous  network  which  passes  into  the  superficial  temporal  and 
facial  veins. 

The  li/mphatics  of  the  ei/eUds  are  disposed  as  a  pre-tarsal  and  a  post-tarsal 
network,  the  former  of  which  receives  the  tissue-juices  from  the  integument 
and  muscle,  the  latter  from  the  conjunctiva  and  Meibomian  glands.  Per- 
forating; branches  establish  communication  between  the  two  networks.  The 
submaxillary  and  parotid  lymph-glands  receive  the  larger  lymph-vessels  from 
the  palpebral  networks. 

The  sensovji  nerves  of  the  eyelids  are  derived  from  the  o])hthalmic  and 
superior  maxillary  divisions  of  the  trifacial.  The  ujiper  eyelid  is  supplied 
})rincipally  by  branches  from  the  frontal  and  supraorbital  nerves,  which  freely 
join  and  form  a  superior  marginal  plexus  along  the  edge  of  the  eyelid.  The 
chief  supply  of  the  lower  lid  is  derived  from  the  branches  of  the  infraorbital 
nerve,  which  ascend  to  the  border  of  the  lower  lid,  where  they  form  the 
inferior  marginal  plexus.  These  nerves  are  su]>]ilemented  by  twigs  from  the 
supra-  and  infratrochlear  branches,  which  are  distributed  to  the  area  around 
the  mesial  canthus.  An  especial  lower  branch  from  the  infratrochlear  nerve 
supplies  the  mucous  membrane  of  the  lachrymal  sac.  The  terminal  branches 
of  the  lachrymal  nerve  become  subcutaneous  a  short  distance  beyond  and 
above  the  external  canthus,  contributing  a  few  twigs  to  the  eyelids,  but  end- 
ing chiefly  in  the  integument  to  the  outer  side  of  the  orbit. 

The  motor  verves  distributed  to  the  muscular  structures  of  the  eyelids 
include  branches  from  the  oculo-motor  to  tho  levator  })alpebr<T,  and  from  the 
facial  to  the  orbicularis  palpebrarum  ;  additional  sympathetic  fibers  are  dis- 
tributed to  the  involuntary  muscle  of  the  lids.  The  ramifications  of  the 
motor  and  sensory  nerves  freely  intermingle,  and  constitute  a  network  of 
considerable  complexity  within  the  superficial  structures  of  the  eyelids. 

The  Contents  of  the  Orbit. — The  orbital  contents,  including  the  visual 
apparatus,  consisting  of  the  eyeball  and  its  associated  nerves,  muscles,  and 
glands,  and  the  incidental  structures,  as  branches  of  the  ophthalmic  blood- 
vessels and  the  trifacial  nerve,  which  pass  through  the  orbit  en  route  to  more 
remote  parts,  are  supported  by  the  general  fibro-adipose  intraorbital  tissue. 
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This  periGC'uhir  ciij^hioii  of  fat  occuj^ios  the  interspaces  between  the  various 
connective-tissue  partitions  and  hands  constituting  the  fibrous  framework, 
whicii  seixu-ates,  as  well  as  holds  together,  tiie  various  constituents  of  the 
orbital  contents.  Variations  in  the  amount  of  tlu;  intraorbital  fat  affect  the 
relations  of  tlie  evcball  to  the  orbital  opening,  a  consj)icnous  example  of  such 
change  being  faniiUar  in  the  snnken  or  "  liollow-eyed"  a]>pearance  following 
illness  or  conditions  favorable  to  the  absorption  of  adipose  tissue. 

Since  the  majority  of  the  structures  within  the  orbit  are  grouped  around 
the  eveball  as  pal'ts  subservient  and  accessory  to  the  visual  organ,  tiie  position 
of  the  ocular  bulb  with  relation  to  the  orbit  is  of  importance,  inasmuch  as  this 


Fin.  18.— Ocular  musolcs  of  right  side,  viewed  from  above,  after  removn!  of  roof  of  orbit  (Tcstut) . 
A,  frontal  bone  ;  7?,  section  of  Rrcat  wing  of  sphenoid  ;  C,  section  of  mahir  bone  ;  D,  anterior  clinoid  pro- 
cess; E,o\>i\c  nerve;  1,  superior  rectus;  2, superior  obli<iue  muscle  with  its  jmlley  (2')  and  its  insertion 
into  the  eyeball  (2") :  3,  internal  rectus  ;  4,  external  rectiis  ;  5,  common  origin  (ligament  of  Zinn)  of  mus- 
cles; 6,  cut  tendon  of  levator  ])alj)ebr0c ;  7,  7'.  7",  palpebral  expansion  of  same;  8,  insertion  of  inferior 
oblique ;  D,  intraorbital  cushion  oi  fat ;  10,  orbicularis  palpebrarum. 

])rimary  relation  largely  determines  the  secondary  arrangement  of  the  asso- 
ciated structures.  The  eyeball  corresponds  with  the  orbit  neither  in  the  direc- 
tion of  its  axis  nor  in  the  position  of  its  center,  since  the  bulbar  axis  subtends 
with  that  of  the  orbit  an  angle  of  from  42°  to  45°,  wliile  the  eyeball  itself 
lies  1  or  2  mm.  nearer  the  lateral  than  the  mesial  wall,  and  probably  also 
slightly  nearer  the  roof  than  the  floor.  Owing  to  the  eccentric  position  of 
the  eyeball,  together  with  the  receding  plane  and  the  slight  projection  of  the 
lower  and  outer  segment  of  the  orbital  margin,  the  position  most  favorable  to 
reach  the  bulb  is  the  vicinity  of  the  inferior  and  external  angle.  The  ball 
occupies  the  anterior  half  of  the  orbit,  its  position  being  such  that  a  line  join- 
ing the  upj^er  and  lower  margins  of  the  orbit  opposite  the  anterior  pole  comes 
in  contact  with  the  anterior  corneal  surface. 
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The  Ocular  Muscles.— ri  le  eyeball  is  rotated  aroiiiui  its  tiiree  principal 
axes  by  the  individual  or  combined  action  of  six  muscles — the  four  straight 
and  the  two  oblique ;  an  additional  seventh  muscle,  the  levator  palpebrw,  is 
attached  to  the  upper  eyelid,  which  it  raises. 

Of  the  six  muscles  inserted  into  the  eyeball,  all  except  the  inferior  oblique, 
which  occupies  the  anterior  part  of  the  orbit,  take  their  origin  from  the  apex 
of  the  orbit  and  pass  forward  to  their  insertion.  The  elevator  of  the  eyelid 
has  a  similar  course,  since  its  origin  is  closely  associated  with  the  straight 
muscles  of  the  ball  (Fig.  18). 

The  four  straight  or  recti  muscles  may  be  considered  as  having  a  common 
tendinous  origin  from  the  fibrous  ring  which  is  attaclied  to  the  apex  of  the 
orbit.  This  fibrous  oval  ring,  the  I'ti/amcnt  of  Ziiin,  passes  down  the  inner 
side  of  the  optic  foramen  as  far  as  its  lower  margin,  then  extends  transversely 
across  the  inner  part  of  the  sphenoidal  tissure,  to  tiie  lower  border  of  which 
it  is  attached,  again  bridges  the  sphenoidal  fissure  about  the  middle,  and 
finally  gains  the  upper  margin  of  the  optic  foramen.  The  tendinous  origins 
of  the  straight  muscles  from  the  ligament  lie  so  closely  placed  that  at  first 
they  are  continuous,  and  form  a  somewhat  flattened  tube  which  extends  be- 
tween 2  and  3  mm.  before  separating  into  the  individual  tendons  of  the  recti 
muscles.  The  tendinous  tube  is  particularly  strong  above  and  below,  the 
thickened  bands  developed  within  the  ring  at  these  points  being  sometimes 
described  as  the  common  tendons.  The  origins  of  the  levator  palpebne  and 
superior  oblique  form  a  second  imperfect  concentric  layer  to  the  inner  side  of 
the  optic  foramen,  where  they  constitute  a  crescentic  zone  in  close  relation  to 
the  origin  of  the  superior  and  internal  rectus. 

The  superior  rectus  arises  from  the  upper  border  of  the  0])tic  foramen 
and  beneath  the  levator  palpebrje ;  the  internal  rectus  occupies  the  mesial  or 
inner  and  part  of  the  lower  margin  of  the  foramen ;  the  inferior  rectus 
springs  from  its  lower  border ;  while  the  external  rectus  possesses  two  heads. 
The  lower  and  larger  head  is  attached  to  the  inferior  and  inner  border  of  the 
sphenoidal  fissure  and  that  part  of  the  tendinous  ring  which  stretches  across 
the  fissure ;  the  upper  and  outer,  or  accessory,  head  springs  from  the  outer 
wall  of  the  sphenoidal  fissure,  being  separated  from  the  main  part  of  the 
muscle  by  a  narrow  interval  occupied  by  a  small  amount  of  connective  tissue  and 
the  third  and  sixth  nerves  and  the  nasal  branch  of  the  fifth,  together  with 
the  ophthahnic  veins.  The  four  recti  muscles  proceed  forward  toward  the 
eyeball,  the  posterior  half  of  which  they  embrace  above,  below,  and  at  the 
sides,  and  are  inserted  into  the  sclera  by  short,  tiiin,  and  slightly  broadened 
tendons  a  short  distance  behind  the  corneal  margin  (Fig.  19). 

The  straight  muscles  differ  considerably,  when  compared  with  one  another, 
in  their  general  development,  length,  breadth,  and  exact  place  of  insertion. 
As  is  to  be  expected  from  its  unusual  work  in  converging  the  eyes,  the 
internal  rectus  leads  in  its  general  develo])ment,  being  the  broadest  and 
strongest,  as  well  as  possessing  the  longest  tendon  and  most  anteriorly 
situated  place  of  insertion.  The  superior  rectus  is  the  smallest  and  weakest 
of  the  straight  muscles,  and  has  its  insertion  farthest  from  the  cornea,  but 
possesses  the  broadest  line  of  attachment ;  the  inferior  and  external  recti 
exceed  the  others  in  their  length. 

Shortlv  before  reaching  the  eyeball  the  nuiscular  fibers  of  the  recti  ter- 
minate in  thin  membranous  and  somewhat  exj)anded  tendons  of  insertion,  the 
fibers  of  which  not  only  blend,  but  become  intimately  interwoven,  with  the 
tissue  of  the  sclerotic  coat.  The  lines  of  attachment,  the  slight  convexities 
of  which  are  directed  toward  the  cornea,  vary  in  their  relation  to  the  corneal 
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margin,  that  of  the  internal  rectus  being  nearest,  and  tliat  of  the  superior 
rectus  farthest  removed.    Tlie  lengtli  of  the  tendons  of  insertion  of  the 


Fig.  19.— Ocular  muscles  viewed  after  removal  of  lateral  wall  of  orbit  (Testut) :  a,  eyeball ;  h,  optic 
nerve;  c.c.\  eyelids:  d,  maxillary  .sinus;  c,  ptervRoid  plate;/,  foramcu  rotundum;  r/,  roof  of  orbit ;  h, 
frontal  sinus ;  i,  su])raorbital  nerve ;  k,  septum  orliitale  ;  1,  levator  pali)ebne  superioris  ;  2,  sui)erior  and 
inferior  recti  ;  4,  4',  portions  of  the  cut  external  rectus;  5,  internal  rectus  ;  6,  inferior  oblique;  7,  inser- 
tion of  superior  oblique ;  8,  annular  ligament  or  tendon  of  Zinu. 

recti  and  the  distance  from  tlie  cornea,  determined  by  the  accurate  measure- 
ments of  Merkel  and  of  Fuchs,  are  as  follows  : 


Lenp:th  of 
tendon. 


 8.8 

 5.5 

 3.7 

 5.8 

(( 


Distance  of  insertion 
from  cornea. 

5.5  mm. 
6.5  " 
6.9  " 
7.7  " 


The  insertion-lines,  therefore,  progressively  recede  from  the  corneal  margin 
from  the  insertion  of  the  internal  rectus  to  that  of  the  superior,  with  a  cor- 

D 


Fir;.  20.— Diagram  of  the  positions  of  the  in.sertions  of  tlie  ocular  muscles  (Fuchs-Testut).  Right  eve 
viewed  from  above  ;  /i,  from  nasal  side  ;  ('.from  below;  />,  from  temporal  side  ;  .r,  .r,  antero-pnsterior 
is  ;  E,  E,  e(iuator ;  a,  b,  c,  d,  superior,  inferior,  internal,  and  external  rectus  ;  cj',  superior  and  inferior 


A. 
ax 

oblique. 


responding  diminution  in  the  etfectiveness  of  the  pull  of  the  several  mus- 
cles.    As  suggested  by  Tillaux,  the  distance  of  the  insertions  from  the 
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cornea  may  be  taken,  for  practical  purposes,  respectively  as  o,  6,  7,  and  8 
mm.  (Fig.  20). 

The  superior  olMquc,  or  trochlcaris,  arises  about  2  mm.  in  front  of  the 
inner  margin  of  the  optic  foramen  ;  it  proceeds  forward  and  upward  in  close 
relation  to  the  orbital  wall,  as  far  as  the  trochlear  fossa,  where  its  rounded 
tendon  traverses  the  short  fibrous 
tube  of  the  trochlea,  and,  at  the 
anterior  extremity  of  the  canal, 
changes  its  direction  at  an  angle  of 
about  50°,  the  muscle  passing  back- 
ward and  outward  between  the  eye- 
ball and  the  anterior  end  of  the 
superior  rectus,  to  find  its  inser- 
tion into  the  sclerotic  beneath  the 
latter  muscle,  about  midway  l)etween 
the  corneal  margin  and  the  optic 
nerve. 

The  inferior  oblique,  situated 
within  the  anterior  part  of  the  orbit, 
arises  from  the  mesial  wall  of  the 
orbit,  close  to  its  anterior  margin, 
from  a  slight  depression  in  the 
orbital  plate  of  the  maxilla  over  the 
outer  wall  of  the  naso-lachrvmal 
duct.  Starting  in  short  tendinous 
fibers,  the  muscle  leaves  the  orbital 
wall  and  sweeps  in  a  gentle  curve 
outward,  backward,  and  upward,  passing  between  the  inferior  rectus  and 
the  floor  of  the  orbit,  and  terminates  in  a  tendon  which  is  inserted  into  the 
sclerotic  at  the  posterior  and  outer  part  beneath  the  rectus  externus  (Fig.  21). 

The  levator  pcdpebrcc  superioris,  as  indicated  by  its  name,  is  related  to  the 
upper  eyelid,  and  claims  attention  in  this  place  only  on  account  of  its  inci- 
dental association  with  the  ocular  muscles.  In  its  origin  it  is  closely  related 
to  the  superior  rectus,  arising  by  a  pointed  tendon  above  and  in  front  of  the 
optic  foramen.  The  muscle  broadens  in  its  course  along  the  roof  of  the 
orbit,  close  to  the  periosteum  for  the  greater  part  of  its  length,  and  covers 
the  posterior  half  of  the  superior  rectus  ;  on  reacliiug  the  nnterior  part  of 
the  orbital  cavity,  a  little  behind  its  superior  margin,  it  descends  through  the 
adipose  tissue  as  a  membranous  expansion  whieh  is  attached  to  the  root  of 
the  upper  eyelid.  Its  insertion  is  ])eculiar,  and  consists  of  two  distinct  layers  : 
the  upper  anterior  of  these  is  fibrous  aud  passes  in  front  of  the  tarsal  jilate, 
blending  with  the  fibers  of  the  orbicularis,  while  the  lower  posterior  layer 
contains  non-strijx'd  muscular  tissue,  and  is  inserted  into  the  u))per  border 
of  the  tarsus,  constituting  what  is  often  described  as  the  siiperior  imlpcbral 
muscle  of  Mi'dler  (Fig.  23). 

Closely  associated  with  the  actions  of  the  superior  and  inferior  recti  are 
the  obli(pie  muscles,  by  means  of  which  the  obliquity  of  the  pull  of  these 
straight  muscles  is  neutralized.  Tiie  action  of  the  superior  oblique,  from  the 
location  of  the  insertion  and  direction  of  its  fibers,  when  the  eyeball  is  in  the 
])riniarv  position,  is  to  move  the  cornea  down\vard  and  outward ;  that  of  the 
inferior  obli<iue  is  to  cause  the  cornea  to  move  upward  and  outward.  The 
slight  outward  rotation  thus  effected  takes  ])lace,  however,  in  opposite  direc- 
tions, since  when  caused  by  the  superior  obli(pie  the  movement  of  the  cornea 


Fig.  21.— The  eyeball  in  situ  with  its  muscles 
after  removal  of  surrounding  parts  of  orljital  con- 
tents (Testut) :  1,  eyeball;  2,  sui>i'rior  rectus;  3, 
levator  palpebroe;  4,  inferior  rectus;  5,  internal 
rectus;  6,  external  rectus;  7,  inferior  obliciuc ;  8, 
superior  oblique  ;  8',  pulley  and  reflected  tendon  of 
same. 
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is  from  within  outward,  while  when  ))roduced  by  the  inferior  oblique  the 
upper  iialf  of  the  vertical  diameter  is  displaced  t)utward,  the  lower  halt  at 
the  same  time  being  deflected  inward.  The  obliquity  of  the  pull  of  the 
oblique  muscles  is,  therefore,  well  adai)ted  to  neutralize  the  obliquity  rfttending 
the  contraction  of  the  superior  and  inferior  recti,  and,  in  point  of  fact,  simple 
elevation  and  depression  of  the  cornea  are  effected  by  the  combined  action 
of  the  superior  straight  and  the  inferior  oblique  and  the  inferior  straight  and 
the  superior  oblique,  respectively. 

Oblique  movements  are  also  the  results  of  the  associated  efforts  of  the 
recti  and  obli(pie  muscles,  as  instanced  in  the  common  action  of  the  superior 
and  internal  recti  and  the  inferior  obli(pie  in  movements  by  which  the  cornea 
is  carried  upward  and  inward  ;  the  inferior  and  external  recti  and  the  superior 
oblique  are  similarly  associated  in  moving  the  cornea  downward  and  outward. 


Fig.  22.— Semi-diagrammatic  view  of  the  relations  of  the  orbital  fascia  with  the  superior  muscles 
(Tcstut) :  a,  frontal  bone,  with  its  i)eriosteum  (a')  ".  sclerotic ;  c,  cornea  ;  d,  ciliary  process ;  e,  anterior 
chamber;  /,  superior  forni.x  of  the  conjunctiva  ;  (/,  superior  tarsus  ;  ft,  orbicularis  palpebrarum  ;  (',  septum 
orbitale;  1,  capsule  of  Tenon,  consisting  of  its  inner  (2)  and  external  (3)  wall  and  the  enclosed  lymph- 
space  (4) :  S>  5',  6,  respectively  the  belly,  tendon,  and  sheath  of  the  superior  rectus  ;  7,  orbital  prolonga- 
tion ;  levator  palpebrre,  with  its  sheath  (9)  and  its  conjunctival  (10)  and  muscular  (11)  insertions ;  12,  its 
prolongation  and  insertion  into  the  fornix  conjunctiva^. 


In  all  other  obli(pie  movements  of  the  cornea,  likewise,  the  straight  muscles 
are  supplemented  by  the  oblique,  the  desired  motion  representing  the  resultant 
of  the  forces  exerted.  Abduction  and  adduction  further  influence  the  action 
of  the  superior  and  inferior  recti  in  consequence  of  the  alterations  in  the 
direction  of  the  pull ;  thus,  when  the  eyeball  is  strongly  abducted  the  trans- 
verse axis  coincides  with  the  axis  around  which  elevation  and  depression 
occur,  in  which  case  the  superior  and  inferior  recti  exert  a  simple  action  with- 
out their  accustomed  tendency  toward  oblique  or  rotary  movement.  (See  also 
page  1 00.)  The  actions  of  ocular  muscles  are  further  described  on  ]>p.  497,  498. 

The  Orbital  Fascia. — The  periosteum  of  the  orbit,  directly  continuous 
with  the  intracranial  dura  through  the  sphenoidal  fissure,  forms  a  funnel- 
shaped  investment,  which  encloses  the  orbital  contents  and  becomes  blended 
with  the  external  periosteum  around  the  margins  of  the  orbit.  Numerous 
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septa  of  fibrous  tissue  are  intimately  connected  witli  the  inner  surfac^e  of  the 
periosteum  on  the  one  hand,  and  extend  between  the  various  structures 
lodged  within  the  orbit,  to  which  they  afltbrd  suj)port  and  protection  on  the 
other  ;  the  framework  thus  formed  is  hirgely  occupied  by  the  cushion  of 
periocuhxr  fat  which  fills  the  interspaces  between  the  eyeball,  l)lood-vessels, 
nerves,  and  muscles. 

In  the  immediate  vicinity  of  the  eyeball  the  intraorbital  fibrous  tissue  be- 
comes condensed  to  form  a  fascial  investment  which  surrounds  the  greater 
part  of  the  organ  ;  this  fibrous  envelope  is  known  as  the  tunica  vaginalis  oculi, 
or  capsule  of  Tenon.  This  consists  of  a  tunic  of  fascia  of  considerable  strength 
which  surrounds  the  posterior  two-thirds  of  the  eyeball,  from  which  it  is 
separated  by  a  narrow  lymph-cleft,  the  space  of  Tenon;  the  interval  between 


Fir,.  23.— Semi-diiif^rammatic  view  of  theorbital  fasciaof  riRht  side, seen  after  horizontal  section  of  the 
eyeball  and  orbit,  the  lower  half  of  the  eyeball  being  represented  (Testut) :  n,  optic  nerve;  6,  vitreous 
btidy  :  c,  lens:  d,  cornea;  r,  section  of  lachrymal  sac;/,  ethmoid  cells  ;  <i,  malar  bone;  //.floor  of  orbit;  1,2, 
internal  and  external  rectus,  with  their  tendons  (!',  ■/');  8,  capsule  of  Tenon;  4,  sheath  of  internal  rectus 
with  its  orbital  prolonRation  (.')) ;  6,  sheath  of  external  rectus,  with  its  orbital  prolongation  (7) ;  cS,  inferior 
oblique,  with  its  sheath ;  'J,  conjunctiva. 

the  eyeball  and  capsule  is  bridged  by  numerous  delicate  bundles  of  fibrous 
tissue  which  pass  from  the  fibrous  tunic  to  the  adjacent  sclera,  thus  subdi- 
viding the  general  cavity  into  a  great  number  of  im])erfectly  .separated,  freely 
intercommunicating  spaces.  The  inner  surface  of  the  capsule,  as  well  as  the 
outer  surfiice  of  tlie  sclera  and  the  trabecula,  is  clothed  with  endothelial 
plates,  the  entire  space  of  Tenon  strongly  recalling  the  intracranial  sub- 
arachnoidean  lymph-space,  which  it  closely  resembles.  The  loose  attachment 
of  the  capsule  to  the  eyeball  fiicilitates  the  free  ])lay  of  the  visual  organ 
in  the  fo.ssa  thus  formed  wdthin  the  jieribulbar  adijiose  cushion,  the  eyeball 
moving  in  the  capsule  in  a  manner  somewhat  resembling  an  articulation. 

The  relations  of  Tenon's  ca])sule  are  so  complicated  by  its  ])rolongations 
and  attachments  to  surrounding  structures  that  sj)ecial  reference  to  the.se  is 
desirable.  Posteriorly,  the  capsule  extends  as  far  as  the  point  at  which  the 
optic  nerve  pierces  the  sclerotic  coat,  where  it  fuses  with  the  sclera  and  outer 
sheath  of  the  nerve  as  the  latter  blends  with  the  fibrous  tunic  of  the  eyeball  ; 
likewise  the  ciliary  arteries  and  nerves  are  excluded  from  the  space.  Ante- 
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liorly,  the  capsule  lies  beneath  the  ocular  conjunctiva,  with  which  it  blends 
close  to  the  niaroin  of  the  cornea.  If  the  conjunctiva  is  divided  by  a  circu- 
lar incision  just  posterior  to  the  corneal  margin,  the  capsule  of  Tenon  will  be 
found  so  closi'ly  united  with  the  conjunctiva  that  reflection  of  the  latter 
structure  will  open  Tenon's  space  and  expose  the  capsule  at  its  anterior  limit 
(Fig.  23). 

The  tendons  of  the  various  ocular  muscles  pierce  the  capsule  of  Tenon  in 
order  to  gain  their  insertions  iuto  the  sclera,  which  may  thus  be  regarded  as 
lyiuo-  within  the  space  of  Tenon,  although  the  tendons  are  separated  from 
actual  contact  with  the  lymph-stream  by  means  of  an  endothelial  covering. 
The  slit-like  openings  in  the  cai)sule  made  by  the  passage  of  the  tendons  are 
strengthened  by  local  thickenings  of  the  fibrous  tunic,  from  which  tubular 


FiG.24.— Scmi  diaKrammatic  view  of  relations  of  orliitiil  fascirpas  seen  after  sagittal  section  of  the  right 
eye:  the  internal  half  of  orbit /;(  ,<(7(MTostnt) :  a,  optic  nerve;  6,  vitrcons  body:  c,  crystalline  lens;  d, 
cornea:/,  .7,  )i)iper  and  lower  tarsal  plates,  with  their  ligaments  (/',  g'):  1,  leValor  jialpebrflp,  with  its 
teniion  ;  2,  \\,  suiierior  and  inferior  recti,  with  their  tendons  (2', :!') ;  4,  capsule  of  Tenon  :  T),  sheath  of  supe- 
rior rectus,  with  its  f)rbital  prolongation  ((>) ;  7,  sheath  of  inferior  rectus,  with  its  orbital  prolongation  (8) ; 
9,  inferior  oblique  muscle,  with  its  orbital  prolongation  (10) ;  11,  tendon  of  superior  oblicjuc. 

extensions  of  the  capsule  are  prolonged  backward  upon  the  muscles  for  a 
variable  distance,  ap])roximately  for  half  their  leugth.  The  fascial  sheaths 
thus  obtained  become  gradually  more  and  more  attenuated  in  their  course 
toward  the  oi'igin  of  the  muscles,  until  finally  they  fade  away  by  blending 
with  the  perimysium.  In  the  case  of  the  superior  oblique  the  tubular  pro- 
longation of  the  capsule  extends  only  over  the  reflected  tendon  of  the  muscle, 
and  terminates  at  the  trochlea,  where  it  ends  by  becoming  attached  to  the 
margin  of  the  pulley.  The  sheath  investing  the  inferior  oblique  extends  as 
far  as  the  floor  of  the  orbit,  and  there  fuses  with  that  accompanying  the 
inferior  rectus. 

The  inner  or  ocular  border  of  the  vertical  slit-Tike  o])enings  through 
which  the  tendons  of  the  straight  muscles,  particularly  of  the  external  and 
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internal,  j)ass,  is  especially  strentrthened  by  thickenings  of  the  fascia,  which 
are  further  reflected  outwardly  along  the  adjacent  sides  of  the  tendon-sheaths, 
forming  additional  connections  between  the  muscles  and  the  capsule  of  Tenon. 
In  view  of  the  fact  that  the  latter  structure  at  certain  ])oints  is  Hrmly  con- 
nected with  the  bony  walls  of  the  orbit,  these  suj)plementary  bands  in  a 
measure  act  as  pulleys  and  efl'ect  the  important  object  of  preventing  undue 
pressure  on  the  eyeball  during  nniscular  contraction. 

In  addition  to  the  foregoing  conjunctival  and  nniscular  relations,  the 
capsule  of  Tenon  is  connected  with  the  orl)ital  walls  by  means  of  fascial  bands, 
the  most  important  of  which  are  the  sus})ensory  and  check  ligaments  (Fig.  24). 
The  suspcmovy  ligament  consists  of  a  band  of  orbital  fascia  in  the  anterior 
part  of  the  orbit,  where  it  forms  a  hammock-like  band  of  considerable  breadth 
and  density  ;  the  suspensory  ligament  is  attached  mesially  to  the  lachrymal 
and  externally  to  the  malar  bone,  while  its  broader  central  part  blends  with 
the  capsule  of  Tenon  below  the  eyeball,  to  the  support  and  position  of  which 
it  materially  contributes.  A  somewhat  similar  but  less  well-developed  band 
lies  above  the  eyeball  and  blends  with  the  sheath  of  the  superior  rectus  and 
the  levator  palpebral  its  extension  forward  coming  into  close  relations  with  the 
upper  lid.  Other  fibrous  bands  stretch  across  the  orbit  above  the  levator 
palpebrje  from  the  trochlea  to  the  fronto-zygomatic  juncture,  and  thereby 
form  a  fascial  arch  of  importance  to  the  support  of  the  upper  division  of  the 
lachrymal  gland. 

The  check  ligaments  are  robust  bands  which  extend  from  the  fascial 
sheaths  surrounding  the  external  and  internal  recti  muscles  laterally  as  far  as 
the  malar  and  lachrymal  bones  respectively,  where  they  blend  with  the  ex- 
tremities of  the  suspensory  ligament  already  described.  Their  action  in 
limiting  the  contraction  of  the  outer  and  inner  straight  muscles  and  in  pre- 
venting excessive  rotation  of  the  eyeball  is  appropriately  suggested  by  their 
name  of  "  check  ligaments."  A  somewhat  similar,  but  less  complete,  arrange- 
ment exists  in  connection  with  the  superior  rectus,  the  contraction  of  which 
muscle  is  still  further  limited  by  close  association  with  the  levator  palpel)ra?. 
The  fascial  extension  from  the  sheaths  of  the  inferior  rectus  is  joined  by  a 
process  from  that  of  the  inferior  oblique,  the  two  constituting  a  fibrous  band 
of  considerable  strength  which  is  attached  to  the  floor  of  the  orbit  on  the  one 
liand,  and  blends  with  the  suspensory  ligament  of  the  eyeball  on  the  other. 

The  I^achrymal  Apparatus. — The  lachrymal  ai)]xxratus  consists  of  the 
tear-gland,  lodged  in  the  anterior  ])art  of  the  upper  and  outer  orbital  wall, 
and  the  svstem  of  canals  by  which  the  tears  are  conveyed  from  the  inner  side 
of  the  conjunctival  sac  to  the  inferior  nasal  meatus. 

The  lachrymal  gland,  resembling  in  shape  and  size  a  small  almond,  con- 
sists of  two  fairly  distinct  parts — the  superior  orbital  portion  and  the  inferior 
palpebral  or  accessory  portion.  The  former,  occu])ying  the  fossa  lacri- 
malis,  is  distinctly  larger,  and  measures  about  20  mm.  in  length,  12  nnn.  in 
breadth,  and  5  mm.  in  thickness,  just  reaching  the  orbital  margin  at  the  ))oint 
where  tlie  roof  of  the  orbit  joins  the  outer  wall.  The  u|)per  (H)nvex  surface 
is  attached  to  the  periosteum  of  the  depression  in  which  it  is  lodged,  l^elow 
the  gland  is  supported  by  the  fascial  arch,  which  extends  from  the  trochlea 
to  the  fronto-malar  suture. 

The  lower  or  paljjebral  portion  of  the  gland,  sometimes  described  as  a 
distinct  (/landula  lacrimalis  inferior,  is  somewhat  smaller  than  the  uj)per, 
from  which  it  is  partially  separated  by  the  fascial  exj)ansion  already  men- 
tioned. Its  lower  concave  surface  rests  u})on  the  fornix  of  the  conjunctiva 
and  extends  laterally  almost  to  the  outer  canthus. 
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In  structure  the  lachrvmal  gland  corresponds  to  a  tubulo-raceniose  gland 
of  the  serous  type,  its  acini  being  drained  by  a  number  of  small  ducts  which 
in  the  orbital  portion  of  the  gland  unite  to  form  from  three  to  six  larger 
canals  ;  these  receive  as  tributaries  the  ducts  from  the  lower  portion  of  the 

gland,  the  canals  so  formed  o])ening  by 
distinct  orifices  arranged  with  consid- 
erable regularity  in  aline  in  the  fornix. 
In  addition  to  the  chief  ducts,  which 
open  with  detinite  regularity,  a  vari- 
able number  of  smaller,  independent 
canals  terminate  in  irregular  groups 
about  the  apertures  of  the  larger 
ducts. 

The  lachrymal  pasmges  (Fig.  25), 
including  segments  of  very  varying 
lumen  and  course,  begin  at  the  small 
crater-like  lachrymal  puncta  which 
surmount  the  conical  lachrymal  papilla'.  The  latter  elevations  occupy  the 
sharply  defined  margins  of  the  lids  just  where  the  mesial  end  of  the  arched 
palpebral  borders  passes  over  into  the  a})proximately  horizontal  and  more 
nearly  parallel  boundaries  of  the  lachrymal  lake.  The  upper  punctum  lies  6 
mm.  from  the  mesial  canthus,  the  lower  one  being  slightly  farther  removed. 
The  apex  of  each  papilla  is  directed  toward  the  conjunctival  surface,  over 
which  it  glides  during  the  changes  of  position  of  the  bulbar  conjunctiva  occa- 
sioned by  the  excursions  of  the  eyeball.  The  lachrymal  ])uncta  are  immersed 
in  the  collection  of  tears  occupying  the  inner  angle  of  the  conjunctival  sac,  and 
continually  carry  off  the  secretion  of  the  tear-gland  by  capillary  attraction. 
AVlien  closely  examined  the  upper  and  lower  papilhe  and  puncta  are  seen  to 
vary  slightly,  the  upper  papilla?  being  more  slender,  higher,  and  ])ierced  by  a 
])unctum  about  0.05  mm.  less  in  diameter  than  that  of  the  lower  lid. 

In  structure  the  pa])illse  resemble  the  adjacent  tarsal  bands,  being 
largely  com]K)sed  of  closely-felted  bundles  of  fibrous  tissue,  meagerlv  sup- 
plied with  blood-vessels,  well  calculated  to  resist  the  action  of  the  orbic- 
ular muscle. 

The  lachrymal  canaliculi,  into  which  the  puncta  o])cn,  have  at  first  a 
vertical  course ;  very  soon,  however,  they  bend  sharply,  and  continue  their 
converging  course  generally  parallel  to  the  margins  of  the  lachrvmal  lake  as 
far  as  the  inner  canthus,  where  the  canaliculi  usually  unite  in  a  common 
canal  which  almost  at  once  terminates  by  opening  into  the  lateral  and  slightly 
posterior  wall  of  the  lachrymal  sac.  In  excej)ti<)nal  cases  the  canaliculi 
maintain  an  independent  course,  and  terminate  by  separate  orifices  M'hich 
open  into  a  diverticulum  of  the  lachrymal  sac,  the  mnu.s  of  Maier.  The  entire 
length  of  ea(!h  canaliculus  measures  from  8-10  mm.,  tlie  upper  canaliculus 
being  longer,  more  curved,  and  steei)er  in  its  descending  course  than  the 
lower.  The  lumen  of  the  canal  varies  at  different  ])oints  :  beginning  at  the 
narrow  orifice  of  the  punctum,  which  marks  the  most  constricted  point  and 
measuring  only  0.1  mm.  in  diameter,  the  canal  soon  widens  into  a  spindle-form 
dilatation,  which  is  followed  by  a  diverticulum  occupving  the  bend  of  the 
canaliculus.  The  horizontal  portion  of  the  canal  measures  a  little  over  0.5  mm. 
in  diameter. 

The  walls  of  the  canaliculi  consist  of  a  lining  of  stratified  squamous 
epithelium  suj)ported  by  a  delicate  tunica  ])ropria  rich  in  elastic  fibers  ;  out- 
side, the  muscular  bundles  of  the  lachrymal  portion  of  the  orbicularis  palpe- 


FiG.  25. — Section  exposing  the  lachrymal  chan- 
nels and  part  of  the  lachrymal  sac  (Testut) :  1, 
itlica  semilunaris;  2,  lachrymal  caruncle;  3,  '.V, 
lachrvmal  puncta;  4,  4',  vertical  portions  of  lach- 
rymal canaliculi;  5,  5',  horizontal  jjortions ;  0, 
fused  portion  ;  7,  opening  into  lachrymal  sac  (8). 
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brarum  contribute  an  acltlitional  stratum,  and  hy  their  sling-lil^e  fibers 
constitute  a  sphincter  around  the  vertical  portion  of  tlie  canaliculi. 

The  lachrymal  mc,  into  which  tlie  canalicuH  open,  may  be  regarded  as 
the  upper  dilated  orbital  segment  of  the  naso-laciuymal  duct,  the  lower  part 
of  which,  or  the  duct  proper,  traverses  the  bony  canal  and  opens  into  the 
inferior  nasal  meatus.  The  length  of  the  sac  a})})roximates  12  mm.,  when 
distended  measuring  between  6  and  7  nun.  in  diameter. 

The  sac  is  situated  at  the  side  of  the  nose,  near  the  inner  canthus,  and 
lies  within  the  deep  lachrymal  groove  between  the  superior  maxillary  and  the 
lachrymal  bone  ;  its  upper  part  is  embraced  externally  by  the  mesial  tarsal 
ligament  and  some  of  the  inner  fibers  of  the  orbicularis  palpebrarum,  while 
the  orbital  surface  of  the  sac  is  covered  by  the  fibers  which  spring  from  the 
lachrymal  bone  and  constitute  the  femor  Uasi,  or  Jlorner's  vitisclc.  The 
upper  blind  end  of  tlie  sac,  or  fundus,  usually  reaches  to  the  level  of  the 
upper  margin  of  the  tarsal  ligament,  sometimes  a  little  higher.  The  lower 
portion  of  the  sac,  between  the  inferior  margin  of  the  tarsal  ligament  and  the 
commencement  of  the  bony  canal,  differs  materially  from  the  u})per  in  being 
covered  in  by  comparatively  thin  and  weak  structures,  the  anterior  wall  of 
this  portion  of  the  sac  liaving  the  attenuated  orbicular  fascia  alone  interposed 
between  the  integuments.  In  consequence  of  this  weakness  this  point  is 
frequently  the  seat  of  dilatations,  both  normal  and  pathological ;  the  con- 
spicuous bulging  often  seen  in  connection  with  impeded  escajie  of  the  tears 
corresponds  to  the  lower  part  of  the  sac,  which  is  unprotected  by  the  dense 
fibromuscular  covering  wliicli  lies  in  front  of  its  upper  half.  The  wall  of 
the  sac,  as  well  as  that  of  tiie  duct,  is  composed  of  fibro-elastic  tissue,  strength- 
ened by  fibrous  processes  derived  from  the  tarsal  ligament.  Externally  the 
wall  of  the  sac  is  loosely  connected  with  the  periosteum  by  fibrous  tissue,  and 
therefore  capable  of  distention  ;  internally  it  is  lined  by  mucous  membrane 
directly  continuous  with  that  of  the  nasal  duct.  The  epithelium  covering  the 
mucous  membrane  of  the  sac,  as  well  as  of  the  duct,  is  columnar  in  type  and 
possesses  areas  in  which  cilia  are  present. 

The  7iasolac}ifi/mal  duct,  which  constitutes  the  last  segment  of  the  tear- 
passage,  lies  within  the  bony  canal  formed  by  the  a])position  of  the  superior 
maxillary,  lachrymal,  and  inferior  turbinated  bones.  The  length  of  the  nasal 
duct  is  very  variable,  at  times  being  little  over  11  or  12  mm.,  at  others 
measuring  twice  as  much,  the  difference  being  largely  due  to  the  manner  in 
which  the  duct  terminates  in  relation  to  the  nasal  nuicous  membrane,  since  as 
much  as  from  G-8  mm.  of  its  length  may  be  included  in  the  oblique  ])assage 
throuirli  the  mucous  membrane.  The  diameter  of  th(^  nasal  duct  is  from  3- 
4  mm.  ;  it  is  not  uniform,  however,  since  slight  constrictions  at  its  begiiming 
from  the  sac  and  about  the  middle  of  its  course;  are  very  frequent.  The 
position  of  the  lower  end  of  the  nasal  duct  also  varies,  but  it  is  usually  about 
30  mm.  behind  the  posterior  margin  <»f  the  anterior  nasal  opening,  and  about 
10  mm.  from  the  front  of  the  inferior  turbinal.  The  direction  of  this  canal, 
as  indicated  by  the  position  of  probes,  varies  considerably  with  i-egard  to  the 
degree  of  inclination  of  the  course  of  the  canal  in  relation  to  both  the  frontal 
and  sagittal  ])lan('S.  In  determining  on  the  living  subject  the  inclination  of 
the  canal  with  the  sagittal  plane,  both  Arlt  and  Merkel  regard  as  ti'ust worthy 
a  comparison  of  the  distance  between  the  middle  of  the  tarsal  ligaments  oif' 
the  two  sides  with  the  distance  between  the  points  where  the  nasal  ahe  join 
the  cheek.  When  these  measurements  coincide  the  nasolaclirymal  canal 
descends  vertically  ;  when,  as  usually,  a  difference  is  noted,  the  deviation 
from  the  perpendicular  will  be  equal  to  half  the  difference.    The  direction  of 
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the  (liiot  M-ith  reirard  to  tlie  frontal  plane  is  best  deterniined,  according  to 
Merkel,  by  a  line  drawn  from  the  inner  eanthus  to  tlie  interval  between  t he 
second  premolar  and  first  molar  tooth  of  the  npper  jaw.  The  course  ot  tlie 
nasolachrvmal  dnct  in  oe„eral  may,  therefore,  be  described  as  deviating 
sliolitlv  backward  from  tlie  vertical  (Fig.  26).  _ 

'  The  nuicoiis  membrane  of  the  duct  is  connected  by  areolar  tissue  with  the 
periosteum  lining  the  bony  canal,  the  mucosa,  however,  being  sei)arated  f  rom 
the  periosteum  bv  a  venous  i>lexus.  The  exact  manner  in  which  the  duct 
opens  into  the  inferior  nasal  meatus  varies:  it  may  terminate  as  a  simi)le 
round  or  elliptical  oritice  or  by  an  inconspicuous  slit-like  opening  leading 
oblicuiely  into  the  mucous  membrane.  The  latter  arrangement  is  sometimes 
described  as  forming  the  so-called  vaJve  of  Hamcr,  but  the  presence  of  a 
distinct  occluding  fold  must  be  questioned.  The  valves  described  in  other 
parts  of  the  nasal  duct  consist  merely  of  imperfect,  irregular,  and  inconstant 
folds  of  the  mucosa,  the  most  constant  and  best-marked  of  which  lies  at  the 
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Fig.  26.— Section  showing  the  course  and  relations  of  the  lachrymal  sac  and  nasolachrymal  duct 

(Merlvel). 

junction  of  the  lachrymal  sac  and  the  duct,  which  corresponds  to  the  nar- 
rowest ])oint  of  the  entire  lachrymal  canal. 

The  blood-vessels  sup])lyiug  the  lachrymal  dnct  consist  of  the  arterial 
branches  from  the  nasal  and  inferior  ])alpebral  ;  the  relatively  large  and 
numerous  veins  mostly  join  fhe  nasal  plexus  and  become  indirect  tributaries 
to  the  o])hthalmic  and  facial. 

The  nerves  distributed  to  the  tear-passages  are  derived  from  the  infra- 
trochlear  branch  of  the  nasal  division  of  the  ophthalmic. 

MACROSCOPICAL  AND  MICROSCOPICAL  ANATOMY  OF  THE  EYEBALL. 

The  general  form  of  the  eyeball,  as  represented  by  the  outlines  of  its 
outer  fibrous  coat,  is  sjdierical  :  when  critically  examined,  however,  the 
anterior  segment  of  the  globe  presents  deviation  from  the  typical  form,  due 
to  flattening  within  a  zone  lying  in  front  of  the  e(piator,  corresponding  to  the 
attachment  of  the  recti  muscles,  and  conse(pient  ap]>arent  undue  ])rominence 
of  the  corneal  segment.    In  sagittal  section  the  eyeball  is  seemingly  made 
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lip  of  the  segments  of  two  s])h(M'es — a  larger  posterior  sclerotic  segment, 
embracing  approximately  foiir-iiftlis  of  the  globe,  and  a  smaller  anterior 
corneal  segment,  which  contribntes  the  remaining  portion  of  the  bulb.  The 
junction  of  these  segments  is  marked  by  an  external  l)road  annular  groove, 
the  mk'm  w/cra-,  which  surrounds  the  corneal  })eriphery. 

The  eyeball  presents  further  deviations  from  the  globular  form  in  the 
inequality  of  its  three  })rincipal  diameters,  the  anterojjosterior  diameter 
being  the  longest,  the  vertical  the  shortest,  and  the  transverse  intermediate. 
The  exact  determination  of  these  measurements  is  by  no  means  a  matter  of 
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Fig.  27.— Diagram  of  horizontal  section  of  human  eye  (Mcrkel-Raubor)  :  1,  optic  nerve;  2,  dural 
sheath;  3,  sclera:  4,  conjiiiictivji ;  .'i,  cornen;  (i,  choroid  :  7,  ciliary  body  and  processes;  S,  iris;  9,  retina; 
10,  fossa  centralis;  11,  ura  serrata ;  12,  k'ns ;  13,  vitreous  body^  11,  anterior  chamber;  15,  posterior 
chamber;  1«,  zone  of  Zinn ;  17,  iutrazonular  cleft. 

ease,  as  is  evidenced  by  the  discrepancies  in  the  figures  obtained  by  a  numbiir 
of  competent  investigators,  since  variations  in  the  tension,  and  consequently 
in  the  dimensions,  of  the  eyeball  are  quickly  produced  by  the  changes  which 
begin  very  soon  after  death.  Additional  variations  are  also  referable  to  the 
deviations  in  the  antero-posterior  diameter  associated  with  ixifractive  errors. 

The  principal  diameters  of  the  eyeball  in  millimeters,  based  upon  the 
careful  and  elaborate  series  of  measurements  of  Sappey,  are  as  follows  : 

Male.  Female.  Average. 

Antero-posterior  diameter  24.0  23.9  24.2 

Vertical  diameter   23.5  23.0  23.2 

Transverse  diameter   23.9  23.4  23.6 
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Approxiniatoly,  those  diameters  mnv  be  considered  for  practical  ]>iirposes  as 
aiitero-posterior,  24  mm.  ;  vertical,  2;> ;  transverse,  23.5.  The  eyeball  may 
therefore  be  regarded  as  a  sphere  slightly  flattened  from  above  downward 
and  from  side  to  side.  When  directed  toward  distant  olyects  or  in  a  condi- 
tion of  acconnnodative  rest  the  axes  of  the  eyes  are  very  nearly  parallel  ;  the 
axes  of  the  oj)tic  nerves,  on  the  contrary,  are  divergent,  their  entrance  lying 
between  2  and  .•>  nnn.  to  the  inner  or  nasal  side  of  the  point  at  wliich  the  axis 
of  the  eyeball  meets  the  posterior  wall  (Fig.  27). 
The  eyeball  consists  of  three  coats  or  tunics : 

1.  The  cxteruaf  fbrous  tunic,  of  which  the  sclerotic  forms  the  posterior 
fonr-fifths  and  the  cornea  the  anterior  fifth,  upon  which  depend  the  protec- 
tion of  the  more  delicate  parts  within  and,  to  a  limited  degree,  the  main- 
tenance of  the  general  form  of  the  organ. 

2.  The  middle  rascular  funic,  embracing  the  parts  to  which  the  chief 
blood-supi)ly  of  the  eyeball  is  distributed,  including  the  choroid,  the  ciliary 
body,  and  the  iris. 

3.  The  inner  nervous  funic,  which  contains  the  specialized  neuro-epithelium 
for  the  reception  of  visual  stinndus,  the  nerve-cells,  and  the  nerve-processes, 
which,  as  the  nerve-fibers,  converge  to  form  the  optic  nerve. 

The  refracfive  media,  the  crystalline  lens,  the  aqueous  humor,  and  the 
vitreous  body,  are  enclosed  within  these  coats,  which  the  media,  in  turn, 
materially  aid  in  supporting. 

The  Fibrous  Tunic. — The  Cornea. — The  anterior  fifth  of  the  eyeball 
is  occupied  by  tlie  cornea,  which  structure,  although  princij^ally  composed  of 
closely-felted  bundles  of  dense  fibrous  tissue,  ])resents  a  remarkable  glass-like 
transparency,  so  important  in  admitting  the  rays  of  light  to  the  interior  of  the 
ocular  bulb.  The  refractive  index  of  the  cornea  is  about  1.37,  or  a  little  above 
that  of  water  and  the  aqueous  fluid.  The  transparency  of  the  cornea  is  pre- 
served only  when  the  close  normal  apposition  of  its  elements  is  maintained, 
any  disturl)ance  of  the  normal  arrangement,  as  by  compression,  resulting  in 
impaired  transparency. 

The  form  of  the  cornea,  when  examined  from  in  front,  is  not  quite 
circular,  but  elliptical,  the  greater  transverse  diameter  measuring  11.6  mm., 
the  smaller  vertical  only  11  mm.  The  apparent  projection  of  the  cornea 
beyond  the  sclera  depends  on  a  slight  flattening  of  the  latter  near  the  equator, 
rather  than  on  an  actual  projection  of  the  corneal  pole  beyond  the  general 
sphere  of  the  eyeball. 

The  curvature  of  the  anterior  corneal  surface  does  not  accurately  corre- 
spond to  a  sphere,  since  the  radius  of  curvature  in  the  transverse  direction 
(7.8  nnn.)  is  slightly  greater  than  the  vertical  radius  (7.7  mm.) ;  while  slight 
asymmetry  of  the  corneal  curvature  is  probably  always  present,  marked 
x/^  variations  are  also  of  frequency  and  then  constitute  astigmatism. 
^MT-  ,  The  form  of  the  inner  surface  of  the  cornea,  on  the  contrary,  corresponds 
-  to  a  s])here,  the  radii  of  curvature  being  equal  in  all  meridians,  and  measur- 
i"^  ing  about  G  miTi.    The  discrepancy  in  the  curvatures  of  the  outer  and 
inner  corneal  surfac^es  shows  that  the  thickness  of  the  cornea  necessarily  varies  : 
the  cornea  is  slightly  thicker  at  the  periphery,  where  it  measures  from  0.9  to 
1.1  mm.,  being  from  0.8  to  0.9  mm.  thick  at  the  centre. 

The  cornese  of  ])ersons  advanced  in  age  usually  present  the  a  reus  senilis, 
which  a])])ears  as  a  narrow  gray  or  yellowish-white  crescentic  border  extend- 
ing beyond  the  periphery  toward  the  ])upil.  Not  infrequently  a  complete 
ring  encircles  the  corneal  limbus,  formed  by  the  fusion  of  the  upper  and 
lower  crescents.    The  appearance  is  due  to  the  infiltration  of  the  corneal 
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stroma  by  particles  whicli  are  usually  assumed  to  be  of  a  fatty  nature, 
although  this  is  questioned  by  Fuclis,  who  regards  tlie  change  as  due  to  a 
limited  hyaline  degeneration  of  the  corneal  Hbers.    (See  also  p.  326.) 

The  cornea  differs  from  ordinary  fibrous  tissue  in  not  yielding  gelatin  on 
boiling,  but  a  modified  form  of  chondrin. 

The  structure  of  the  cornea,  as  seen  in  vertical  section,  includes  five  well- 
marked  layers  :  these  are,  from  without  in — 

1.  Tlie  antei'ior  epithelium  ; 

2.  The  anterior  limiting  membrane  ; 

3.  The  substantia  [)ro})ria  ; 

4.  The  posterior  limiting  membrane  ; 

5.  The  posterior  endothelium. 

The  anterior  epUJicIhnii  of  the  cornea  is  a  direct  continuation  of  the  ecto- 
dermic  covering  of  the  adjacent  conjunctiva,  and  represents  one  of  the  few 
parts  of  the  eye  derived  from  the  outer  eml)ryonic  layer.  The  e[)ithelium  is 
stratified  squamous  in  type,  and  thinnest  over  the  central  part  of  the  cornea, 
the  six  to  eight  layers  in  this  position  together  measuring  about  0.045  mm. ;  at 
the  periphery  the  epithelium  is  almost  twice  as  thick.  The  deepest  cells 
approach  the  columnar  form,  their  bases,  often  somewhat  extended,  resting 
upon  the  anterior  limiting  membrane,  while  the  outwardly-directed  rounded 
ends  are  received  between  the  cells  of  the  more  superficial  strata.  The  ele- 
ments composing  the  middle  layers  are  polyhedral  in  form,  and  often  present 
the  appearance  of  prickle-cells.  The 
cells  of  the  superficial  strata  and  free 
surface  are  greatly  flattened  and  lie  par- 
allel to  the  free  surface  (Fig.  28). 

The  anterior  limiting  membrane, 
membrane  of  Bowman,  or  lamina  elastica 
anterior,  is  conspicuous  in  the  human 
cornea  and  represents  a  highly  devel- 
oped basement-membrane.  This  layer 
appears  as  a  homogeneous  glassy  band, 
about  0.002  mm.  in  thickness,  imme- 
diately beneath  the  epithelium ;  it  is 
thickest  at  the  center  and  thinnest  at 
the  corneal  periphery.  The  membrane 
is  resolvable  into  the  fibrous  fibrillse 
upon  the  application  of  suitable  reagents, 
thus  demonstrating  its  true  nature  as  a 
localized  condensation  of  the  fibrous 
corneal  stroma,  of  which  it  is  a  special- 
ization. 

The  substance  proper  constitutes  the 
chief  bulk  of  the  cornea,  and  is  com- 
posed of  the  fibrous  stroma,  which  is 
built  up  of  innumerable  interlacing  bun- 
dles of  fibrous  tissue.  The  interlacing 
fibrous  bundles  are  dis|)0scd  with  some 
regularity  as  lamellae,  although  the  exact 
nmnber  and  arrangement  of  these  are 
variable.  The  fibrillse  of  fibrous  tis- 
sue, as  well  as  the  bundles,  are  held  together  by  the  interfibrillar  cetnent 
substance,  wdiich  likewise  aids  in  joining  the  lamellae.    The  fibrous  bundles 


Fig.  28.— Scctioji  of  cornea  (PiLTsol):  «,  an- 
terior epithelium;  c,  anterior  limiting  mem- 
brane :  b,  fibrous  stroma  of  substantia  propria, 
containinR  corneal  (corpuscles  (/)  lying  within 
the  corneal  spaces  ;  d,  posterior  limiting  mem- 
brane ;  e,  endothelium  lining  anterior  chamber. 
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cross  one  another  at  various  angles,  and  are  often  united  bv  bands  which  pass 
between  the  adjacent  bundles  ;  these  /f6/-cc  orcuatce  are  especially  conspicuous 
in  the  anterior  lamellae.  The  peculiarity  of  the  substantia  propria  in  yielding 
after  boiling  a  modified  form  of  chondrin,  instead  of  the  usual  gelatin,  has 
already  been  mentioned. 

Tile  cellular  elements,  the  corneal  corpuscles,  are  flattened,  plate-like 
connective-tissue  cells  which  lie  between  the  laniellEe  of  the  fibrous  stroma 
within  the  intercomnuuiicating  lymph-spaces  hollowed  out  within  the  cement 
substance.  The  corneal  cells  are  irregularly  branched,  and  form,  by  means 
of  their  united  processes,  a  protoplasmic  network  throughout  the  corneal 
stroma.  The  corneal  sjxices  in  which  the  cells  lie  are  larger  than  the  cells, 
and  are  therefore  only  ])artially  filled  by  the  pr()t()j)lasmic  elements,  the  unoc- 
cupied space  affording  channels  for  the  circulation  of  the  nutrient  tissue-juices 
upon  whicii  the  investment  of  the  non-vascular  cornea  depends.  Communi- 
cation between  the  corneal  spaces  is  established  by  the  canaliculi  which  pass 
from  one  space  to  the  other.  The  corneal  cells  usually  are  applied  to  one 
wall  of  the  spaces,  and,  in  principle,  resemble  the  endothelial  j)lates  which 
line  other  and  larger  lymphatic  cavities.  Occasional  migratory  leukocytes,  or 
wandering  cells,  are  also  found  within  the  system  of  corneal  juice-channels. 

The  posterior  limiting  membrane,  membrane  of  Descemet,  membrane  of 
Demours,  or  posterior  elastic  membrane,  appears  as  a  sharjily-defined  homogene- 
ous band  from  0.010  to  0.012  nmi.  in  its  thickest  peripheral  portion,  at  the  inner 
boundary  of  the  substantia  propria.  It  differs  from  the  anterior  limiting 
membrane  in  its  marked  resistance  to  acids,  alkalies,  boiling  Avater,  and  other 
reagents  ;  it  resembles,  but  is  by  no  means  identical  with,  elastic  tissue.  It 
is  capable  of  complete  separation  from  the  substantia  propria  after  prolonged 
maceration  in  a  10  per  cent,  solution  of  sodium  chlorid.  The  layer  in  ques- 
tion contains  no  cells,  and  ordinarily  presents  no  indication  of  being  composed 
of  secondary  lamellae,  although  sometimes  after  reagents  it  shows  traces  of 
such  structure. 

The  relations  of  the  posterior  limiting  membrane  at  the  corneal  periphery 
are  of  interest,  since  in  this  position  it  breaks  u])  into  numerous  bands  which 
are  continued  into  the  trabeculfe  forming  the  pectinate  ligament  of  the  iris. 

The  posterior  endotJielium  covers  the  inner  surfjice  of  the  membrane  of 
Descemet  and  forms  part  of  the  lining  of  the  anterior  chamber  of  the  eye. 
This  innermost  stratum  of  the  cornea  is  composed  of  a  single  layer  of  poly- 
hedral plates,  the  outlines  of  which  constitute  a  mosaic  of  considerable  regu- 
larity. The  cells  closely  resemble  ordinary  endothelial  plates,  possessing 
oval,  sometimes  reniform,  nuclei  which  are  usually  of  greater  thickness  than 
the  surrounding  cell-body.  The  endothelium  and  the  membrane  of  Descemet 
are  of  importance  as  constituting  almost  impassable  barriers  to  the  escape  of 
the  aqueous  humor  into  the  lymph-channels  of  the  cornea. 

The  blood-vessels  of  the  normal  fully-develo])ed  cornea  are  limited  to  an 
extremely  narrow  peripheral  zone,  about  1  mm.  in  width,  the  remaining 
portions  of  the  cornea  being  entirely  devoid  of  blood-channels.  The  vascu- 
lar zone  contains  the  terminal  loops  of  the  ejiiscleral  branches  derived  from 
the  anterior  ciliary  arteries.  The  venous  radicles  become  tributaries  of  the 
anterior  ciliary  veins. 

The  nerves  of  the  cornea  constitute  a  ri(;h  supply  arranged  in  the  form  of 
numerous  plexuses.  The  corneal  nerves  are  derived  from  the  ciliary  plexus, 
contributed  by  the  long  and  short  ciliary  nerves,  and  form  an  annular  plexus 
in  the  vicinity  of  the  corneal  margin.  The  twigs  from  the  annular  plexus 
pass  either  directly  or  indirectly  to  the  corneal  tissue,  those  destined  for  the 
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anterior  layers  first  having  joined  the  conjunctival  nerves  before  proceeding 
to  the  cornea.  The  more  numerous  branches  which  pass  directly  to  the 
corneal  stroma  from  the  annular  plexus  enter  the  substantia  proi)ria  near  the 
posterior  limiting  membrane,  the  far  greater  number,  however,  ])assing  to  the 
anterior  lamella,  only  about  one-third  of  the  nerves  -which  enter  the  cornea 
being  distributed  to  the  posterior  layers.  The  nerve-bundles,  on  penetrating 
into  the  corneal  stroma,  are  invested  for  a  short  distance,  from  0.75-1  nun., 
by  perineural  lymph-sheaths,  the  individual  nerve-fibers  losing  their  medul- 
lary sheaths  at  about  the  same  time. 

After  entering  the  substantia  proi)ria  the  nerves  form  the  fandamental 
plexus  M'ithin  the  corneal  stroma,  from  which  numerous  lateral  branches  are 
given  off  at  various  levels ;  these  are  composed  of  non-medullated  fibers 
which  soon  break  up  into  the  component  varicose  fibrillfB.  In  addition  to 
the  lateral  twigs,  perforating  branches  ascend  through  the  anterior  lamellae  as 
far  as  the  epithelium,  beneath  which  they  form  the  subepithelial  plexus.  The 
terminal  fibers  of  this  plexus  in  many  instances  enter  the  epithelium  to  end 
either  in  special  end-bulbs  or  between  the  cells  as  the  intra-epithelial  plexus. 
The  plexuses  witliin  the  substantia  propria  formed  by  the  twigs  given  off  at 
various  levels  spread  out  between  the  lamellae  of  fibrous  tissue ;  the  nodal 
points  or  places  of  meeting  of  the  fibers  are  often  marked  by  angular  areas 
outlined  by  the  interlacing  fibers ;  nuclei,  belonging  to  the  delicate  nerve- 
sheaths,  are  sometimes  present.  The  terminal  fibers  of  the  corneal  nerves 
are  related  to  various  forms  of  end-organs,  among  which  are  intricate  convo- 
lutions, less-contorted  loops  and  hooks,  and  irregular  quadrate  plates. 

The  Sclera. — The  sclerotic  coat  forms  the  posterior  four-fifths  of  the 
fibrous  tunic  of  the  eyeball,  contributing  largely  to  the  protection  and  sup- 
port of  the  more  delicate  structures  witliin,  as  well  as  affording  the  points  of 
attachment  of  the  ocular  muscles.  Altliough  composed  of  practically  the 
same  histological  elements  as  the  cornea,  the  disposition  of  these  is  such  that 
the  dead-white  opacity  is  produced  which  so  conspicuously  contrasts  with  the 
beautifully  transparent  cornea. 

The  sclera  is  thickest  over  the  posterior  third  of  the  ball,  where  the 
maintenance  of  a  uniform  curvature  for  the  support  of  the  retina  is  of  great 
importance  :  in  the  vicinity  of  tlie  optic  nerve  the  sclerotic  coat  measures 
nearly  1  mm.  in  thickness,  gradually  becoming  thinner  toward  the  anterior 
boundary,  until  beneath,  or  just  posterior  to,  the  zone  of  attachment  of  the 
recti  nniscles  the  sclera  is  reduced  to  about  0.4  mm.  Anterior  to  the  tendon- 
zone  the  thickness  of  the  fibrous  tunic  is  augmented  by  the  expansion  of  the 
muscle  insertions  until  it  reaches  about  O.G  nun.  In  individuals  possessing 
thin  sclene  and  deeply  })igmcnted  eyes  tiie  sclerotic  coat  presents  a  bluish  or 
skimmed-milk  tint,  due  to  tlie  deeply-coK)red  tissue  beneath  the  fibrous  coat; 
this  bluish  a|)j)earance  is  well  marked  in  the  eyes  of  young  children. 

In  its  structure  the  sclera  closely  reseml)les  the  cornea,  being  com]K)sed 
of  interlacing  bundles  of  fibrous  tissue  disposed  with  much  greater  irregu- 
larity, however,  than  those  of  the  cornea.  The  clefts  between  the  fibrous 
bundles  correspond  to  the  corneal  spaces  and  contain  irregularly  stellate 
connective-tissue  cells — the  scleral  corpuscles.  The  scleral  si)aces  are  less 
regularly  arranged  and  ])ossess  a  less  elaborate  system  of  connecting  canal- 
iculi.  The  scleral  bundh's  further  differ  from  tliose  of  the  cornea  in  contain- 
ino-  numerous  elastic  fibers  and  in  yielding  gelatin  on  boiling  :  tlieir  general 
disposition  is  equatorial  and  meridional,  although  the  bundles  interlace  with 
one  another  at  all  angles. 

In  addition  to  the  usual  branched  scleral  corpuscles,  those  occupying  the 
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innermost  stratiini  are  (leoj)ly  })ignuMite(l,  in  consequence  of  which  the  inner 
surface  of  tlie  sclerotic  coat  presents  a  (lark  color  and  is  known  as  the  lamina 
fasca :  this  layer  constitutes  the  outer  wall  of  the  subscleral  lymph-space, 
and  is  attached  to  the  subjacent  choroid  by  numerous  trabeculae,  which, 
together  with  the  limiting  walls  of  the  space,  are  covered  with  endothelial 
])lates.  The  givater  extent  of  the  outer  surface  of  the  sclera,  from  the 
sheath  of  the  oj>tic  nerve  to  the  insertion  of  the  ocular  muscles,  is  also 
clothed  with  endothelium,  which  forms  part  of  the  lining  of  the  episcleral 
space  of  Tenon. 

The  bl<)o<l-r('.s.sc(.s  of  the  sclera,  in  addition  to  the  perforating  vessels, 
which  include  anterior  branches  from  the  anterior  ciliary  vessels,  the  large 
ecjuatorially  situated  vena?  vorticoste,  and  posterior  branches  from  the  posterior 
ciliary  vessels,  are  represented  by  the  meager  twigs  within  the  superficial 
strata  ol"  the  tibrous  tunic  derived  from  the  wide-meshed  e})iscleral  network 
formed  by  branches  derived  from  the  anterior  and  posterior  ciliary  arteries. 
The  sclera  receives  additional  branches  from  the  short  ciliary  arteries  in  the 
vicinity  of  the  optic  entrance:  these  small  vessels  are  of  interest,  since  from 
the  circulus  Zhuiii,  which  they  form  within  the  fibrous  coat  around  the  o])tic 
nerve,  minute  twiffs  extend  into  the  dural  nerve-sheath  and  anastomose  with 
the  arterioles  supplying  the  sheath  derived  from  the  central  artery  of 
the  retina,  thus  establishing  a  communication  between  the  retinal  and  cho- 
roidal circulation. 

The  veins  Avhich  drain  the  scleral  coat  are  tributary  to  three  .sets  of 
vessels:  those  from  the  anterior  tract,  emptying  into  the  anterior  ciliary 
veins  ;  those  from  the  equatorial  zone,  joining  the  veuie  vorticosie  ;  and  those 
from  the  posterior  part,  pouring  their  blood  into  the  posterior  (iiliary  veins. 

The  h/mphatiCH  of  the  sclera  are  re])resented  by  the  system  of  intercom- 
municating scleral  spaces,  those  in  the  vicinity  of  the  sclero-corneal  juncture 
being  in  close  relation  with  the  spaces  of  Fontana  at  the  angle  of  the  anterior 
chamber,  which  they  indirectly  aid  in  draining. 

The  ncrvcH  distributed  to  the  sclerotic  coat  consist  of  a  few  twip's  derived 
from  the  ciliary  nerves  as  these  pass  between  the  sclera  and  choroid,  which 
terminate  between  the  fibrous  bundles  of  the  superficial  layers  as  tortuous 
and  intricately  coursing  ultimate  fibrilke. 

The  relations  of  the  scleral  tissue  to  the  sheaths  surrounding  the  optic 
nerve  will  Ix;  considered  with  the  description  of  the  Optic  Entrance. 

The  Sclero-corneal  Juncture. — The  position  at  which  the  sclera  and 
corneal  segments  of  the  fibrous  coat  meet  is  one  of  the  most  important 
regions  of  the  eye,  since  in  the  immediate  vicinity  of  this  junction  lie 
important  channels  through  which  esca])es  the  aqueous  humor  as  well  as  the 
fibers  giving  origin  to  the  ciliary  muscle. 

The  conspicuous  line  of  union  between  cornea  and  sclera  de|>ends  far  more 
upon  the  ])hysical  differences  of  the  two  portions  of  the  fibrous  coat  than 
upon  actual  stru(;tural  variation,  since  the  elements  are  not  only  almost 
identical,  but  directly  continuous.  When  seen  in  section  the  scleral  tissue 
extends  along  both  margins  farther  forward  than  does  the  corneal  substance, 
the  effect  of  this  arrangement  being  to  receive  the  cornea  with  an  a]>j)arent 
annular  groove  bounded  by  the  outer  and  inner  Hcleral  proeei^xex :  of  these  the 
inner  is  shorter  and  does  not  reach  as  far  toward  the  anterior  pole  as  the 
outer. 

The  connections  of  the  inner  scleral  process  are  of  especial  im])ortance 
on  account  of  the  relations  to  the  structures  marking  the  meeting  of  the 
cornea,  the  iris,  and  the  ciliary  muscle.    Just  anterior  and  external  to  the 
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inner  scleral  process  a  distinct,  usually  somewhat  irregularly  elliptical,  open- 
ing indicates  tiie  position  of  the  annular  venous  sinus,  the  mnal  of  Schlemm 
(Fig.  29).  This  channel,  also  called  the  circulus  venosus  ciliaris,  as  seen  in 
meridional  sections,  elliptical  or  pyriform  in  its  transverse  figure,  measures 
about  0.3  and  0.045  mm.  in  the  longest  and  shortest  diameters  respectively. 
The  walls  of  the  canal  of  Schlemm  differ  greatly  in  character,  the  outer 
boundary  being  dense,  while  the  inner  is  composed  of  a  spongy  reticulated 
layer,  apparently  the  continuation  of  the  inner  scleral  process.  The  inner 
wall  is  closely  united  with  the  posterior  limiting  membrane  of  the  cornea 
anteriorly,  and  internally  with  the  pectinate  ligament  of  the  iris  and  merid- 
ional fibers  of  the  ciliary  muscle. 

The  character  of  Schlemm's  canal,  whether  a  venous  or  lymphatic  chan- 
nel, was  long  a  subject  of  active  controversy  :  the  recent  investigations  of 
Leber,  however,  have  brought  the  formerly  opposed  views  into  harmony  by 
showing  that  the  conflicting  evidence,  based  upon  carefully  conducted  ob- 
servations, was  due  to  conditions  of  intraocular  tension  under  which  the 
experiments  were  carried  out.  It  may  be  regarded  as  definitely  established 
that  the  canal  of  Schlemm  is  an  annular  venous  sinus  which  by  means  of  the 
spaces  of  Fontana  stands  in  close  relation  to  the  anterior  chamber  on  the  one 
hand,  and  directly  communicates  with  the  anterior  ciliary  veins  on  the  other. 
Under  usual  conditions  Schlemm's  canal  contains  but  little  blood — a  fact 
which  is  explained  by  Schwalbe  upon  the  supposition  that  the  sinus  is  an 
annular  reserve  diverticulum  for  the  reception  and  storage  of  blood  when  for 
any  reason  there  is  a  temporary  retardation  to  the  escape  of  the  blood  passing 
through  the  anterior  ciliary  veins  ;  the  narrowness  of  the  communicating 
branches  between  Schlenuii's  canal  and  the  scleral  veins  under  ordinary  con- 
ditions favoring  the  more  direct  passage  of  the  contents  of  the  scleral  veins 
into  the  anterior  ciliary  vessels,  rather  than  its  entrance  into  the  canal. 

The  tissue  forming  the  wall  of  the  anterior  chamber  at  its  angle,  occupy- 
ing the  space  between  it  and  the  canal  of  Schlemm,  is  peculiar  in  character, 
being  composed  of  an  aggregation  of  interlacing  trabeculaj  composing  a 
spongy  mass  containing  interfascicular  clefts,  the  spaces  of  Fontana.  These 
spaces  constitute  a  system  of  intercommunicating  lymph-channels  which 
are  imperfectly  lined  with  endothelial  plates  and  freely  communicate  with 
the  anterior  chamber,  the  aqueous  humor  filling  the  spaces. 

The  spongy  tissue  containing  the  spaces  of  Fontana  collectively  constitutes 
an  annular  prisraoidal  mass,  the  apex  of  which  begins  at  the  corneal  margin, 
where  the  membrane  of  Descemet  splits  up  into  delicate  bands  :  these  bands 
mark  the  origin  of  the  trabeculje  which  pass  toward  the  iris  and  constitute 
the  ligamentum  pectinatum  iridis,  a  rudimentary  structure  in  man  representing 
the  much  more  conspicuous  series  of  conical  processes  extending  from  the  iris 
toward  the  cornea  in  ruminants.  The  imperfect  character  of  the  endothelial 
lining  of  the  spaces  of  Fontana  allows  the  ready  entrance  of  the  lymph  con- 
tained within  the  anterior  chamber,  so  that  the  clefts  between  the  trabeculfe 
are  filled  with  the  escaped  aqueous  humor ;  the  loose  nature  of  the  septum 
forming  the  inner  M^all  of  Schlenuu's  canal  is  also  favorable  to  the  passage  of 
fluids,  in  consequence  of  whicli  arrangement  the  aqueous  humor  is  continu- 
ally passing,  under  normal  conditions  of  intraocular  tension,  through  the 
spaces  of  Fontana  into  the  canal  of  Sehlenun,  and  thence  into  the  conununi- 
cating  venous  radicles.  This  exit  for  the  intraocular  lymph  is  of  the  utmost 
importance  in  maintaining  an  equilibrium  of  tension  within  the  eyeball. 

The  Vascular  Tunic. — The  middle  or  choroidal  coat  of  the  eyeball,  dis- 
tinguished by  its  dark  color,  and  therefore  often  called  the  uveal  tract,  is  essen- 
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Fig.  29.— Section  throujih  filinry  region,  incltidiiig  part  of  oornoa  aiirl  sclera,  the  iris,  ciliary  process, 
and  inuscle  (Kiich.s)  r,  curnca;  N,  sck'ra;  jl/,  ciliary  ninsclc  ;  r,  radiating  fibers ;  circular"  libers  of 
Mviller  ;  pe,  />r,  pit^nicntcd  and  non-pignicntcd  cells  of  pars  ciliaris  retina^ ;  ci,  anterior  ciliary  artery  ;  s, 
canal  of  SciiU'niin  ;  z,  origin  f)f  ciliary  muscle:  (t,JJ,  folds  of  anterior  surface  of  iris  ;  or,  artificial  break 
in  iris ;  sp,  spluncter  pupilUe ;  p,  pui)illary  border  of  iris  ;  //,  jiignient  i)artly  detached  from  iris ;  I',  ciliary 
process ;  U,  ciliary  ring ;  o,  ora  serrata. 

tially  a  sheet  of  vascular  connective  tissue.  It  includes  three  distinct  portions 
— the  choroid,  the  ciliary  region,  and  the  iris — and  extends  from  the  optic  nerve 
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to  the  pupil.  The  cliaracter  of  its  component  structures  renders  the  nutritive 
coat  soft  J  triable,  and  extensible,  and,  owing  to  the  presence  of  muscular  tissue 
within  its  ciliary  and  iridial  segments,  it  is  subjected  to  constant  variations  in 
its  tension.  The  blood-vessels  of  this  tunic  constitute  the  chief  nutritive  appa- 
ratus of  the  eye^  since  the  functionally  most  active  portions  of  the  organ,  as 
the  percii)ient  layers  of  the  retina  and  the  ciliary  muscle,  receive  their  nutri- 
tion from  this  source. 

The  choroid  constitutes  the  posterior  two-thirds  of  the  vascular  tunic, 
extending  from  the  optic-nerve  entrance  to  the  anterior  limit  of  the  visual 
portion  of  the  retina,  or  ora  serrata,  lying  closely  united  to  the  functionating 
segment  of  the  nervous  tunic,  to  the  nutrition  of  which  it  ministers.  The 
thickness  of  the  choroid  gradually  diminishes  toward  the  ora  serrata,  being 
about  0.1  mm.  near  the  nerve  and  O.OG  mm.  at  the  ora  serrata.  While  ap- 
plied to  the  inner  surface  of  the  sclera  the  union  between  the  two  coats  is  not 
firm,  since  the  opposed  surfaces,  covered  with  endothelium,  are  separated 
by  the  intervening  suprachorokhil  lymph-space ;  irregular  trabeculie  extend 
across  this  space,  and,  in  addition  to  attaching  the  sclera  and  choroid  imper- 
fectly, subdivide  the  cleft  into  numerous  secondary  compartments.  When 
separated  from  the  fibrous  coat  the  outer  surface  of  the  choroid  appears  rough 


Fio.  30.— Section  f)f  human  choroid  (Tiersol) :  a,  retinal  pigment  adhering  to  vitreous  membrane  (6) ; 
c,  capiUary  layer,  or  chorio-capillaris  ;  t/,  e,  large  blood-vessels  of  stroma  layer ;  g,  lamina  suprachoroidea ; 
h,  tissue  of  sclera. 

and  ragged,  owing  to  the  adherent  torn  trabecuhe.  The  suprachoroidal 
space  is  also  occuj)i('d  by  the  large  vascular  and  nervous  trunks  which 
traverse  the  cleft  in  their  course  to  other  parts  of  the  eyeball;  those  which 
pierce  the  sclera,  as  the  venre  vorticosse,  aid  in  further  uniting  the  vascular 
and  fibrous  tunics.  Tiie  inner  surface  of  the  choroid,  on  the  contrary,  is  very 
intimately  united  witli  the  adjacent  ])igmented  layer  of  the  retina,  so  that  the 
latter  often  adheres  to  the  choroid  when  the  middle  coat  is  removed. 

The  choroid  consists  of  a  more  or  less  com})act  connective-tissue  stroma, 
which  supports  numerous  blood-channels  of  very  varying  size  ;  the  arrange- 
ment of  tliese  vessels  largely  determines  the  peculiarities  of  the  layers  into 
which  the  choroid  is  divided  (Fig.  30).    These  are  three  : 

1.  The  layer  of  choroidal  stroma  containing  blood-vessels  of  large  size; 

2.  The  layer  of  dense  (uipillary  networks — the  chorio-capillaris  ; 

3.  The  homogeneous  glassy  lamina  or  mcmbrana  vitrea. 

The  loose  layer  of  ti'abecular  bands  connecting  the  outer  surface  of  the 
choroid  and  the  inner  surface  of  the  sclera  constitutes  the  lamina  supra- 
choroidea, sometimes  described  as  an  additional  layer  of  the  choroid.  The 
membrane-like  trabeculaj  consist  of  interlacing  fibro-elastic  bundles,  upon 
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the  surface  of  which  lie  the  flattened,  irregularly-branched  pigmented  con- 
nective-tissue cells,  the  deeply-pigmented  protoplasm  rendering  them  con- 
spicuous elements. 

The  chorokhd  .stroma  consists  of  a  ground-substance  of  closely  interwoven 
connective-tissue  lamella?,  which  support  the  blood-vessels.  The  structural 
elements  include  the  usual  bundles  of  white  fibrous  tissue,  numerous  elastic 
fibers,  and  stellate  pigmented  cells  ;  the  stroma  is  especially  dense  in  the  im- 
mediate vicinity  of  the  blood-channels. 

The  layer  containing  the  large  blood-vessels  constitutes  the  larger  part  of 
the  choroid,  the  vascular  canals  appearing  as  apertures  and  lighter  channels 
within  the  darker  choroidal  stroma.  The  largest  vessels  occupy  the  most 
superficial  or  outer  stratum  of  the  choroidal  stroma,  those  of  medium  size  the 
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Fig.  31.— Diagrammatic  view  of  principal  blood-vessels  and  nerves  of  the  eyeball  (Testut) :  A,  optic 
nerve:  i?,  ."sclera;  B\  viewed  in  section;  C,  section  of  cornea ;  £>,  ciliary  muscle ;  E,  iris;  F,  anterior 
chamber  ;  1,  sliort  posterior  ciliary  arteries  ;  2,  long  posterior  ciliary  arteries;  3,  anterior  ciliary  arteries  ; 
4,  ciliary  nerves;  5,  one  of  the  large  vena;  vorticosas  (i,  vena  vorticosa  after  piercing  tlie  sclera;  7,  vasa 
vortico.sa  of  the  choroidal  tunic. 

middle  layer,  while  the  innermost  layer  is  devoted  to  the  capillary  network, 
the  chorio-capiUa /-/.v. 

The  most  conspicuous  of  the  large  superficial  blood-channels  are  the  four 
venous  trunks,  the  vence  vorticofice ;  these  pierce  the  choroid  within  the  equa- 
torial zone  at  ])oints  about  ecpiidistant  and  establish  foci  toward  which  the 
smaller  veins  within  each  quadrant  converge;  these  tributaries  form  ]ieculiar 
venous  whorls  within  the  suj)erficial  layers  of  the  choroidal  stroma  (Fig.  31). 
The  vense  vorticosse  traver.se  the  snprachoroidal  space,  invested  by  a  partial 
envelope  contributed  by  the  lamina  su])rachoridea,  and  pierce  the  sclera, 
running  obliquely  !)ackward.  Perivascular  lymph-sheaths  usually  invest  the 
venous  trunks  within  the  choroid.    The  arteries  within  the  choroidal  stroma 
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possess  longitudinally  disposed  muscle-bundles  in  addition  to  the  customary 
circular  fibers. 

A  narrow  boundary-zone  separates  the  layer  containing  the  large  veins 
from  the  capillary  stratum  :  it  consists  of  closely  felted  fibro-elastic  fibers 
intermingled  with  sparingly  distributed  connective-tissue  cells  devoid  of  pig- 
ment. In  many  animals,  as  the  horse,  cow,  or  sheep,  the  boundary-zone 
contains  many  bundles  of  dense  connective  tissue,  wliich  arrangement  ]iro- 
duces  the  peculiar  metallic  reflex  sometimes  seen  in  such  eyes;  this  shining 
layer  constitutes  the  tapetma  fibroHum,  as  distinguished  from  the  tapetam 
ccUulosum  of  the  carnivora,  which  structure  depends  upon  the  presence  of 
several  layers  of  cells  containing  minute  crystals. 

The  inner  ca]>illary  zone  of  the  choroid,  the  chorio-capillaru  or  membrane 
of  Buysch,  occupies  the  inner  portion  of  the  vascular  tunic  lying  next  the 
vitreous  membrane,  which  alone  separates  the  rich  vascular  layer  from  the 
nervous  coat,  to  the  mitrition  of  which  it  so  largely  ministers.  The  capil- 
laries are  unusually  uniform  in  size,  measuring  about  0.009  nmi.  in  diameter; 
the  meshes  of  the  network  are  very  small,  even  surpassing  in  closeness  those 
of  the  lungs,  being  only  0.01  to  0.02  mm.  in  the  macular  region,  and  about 
0.02  to  0.03  mm.  toward  the  ora  serrata.  The  red  reflex  seen  in  the  eye  when 
viewed  with  the  ophthalmosco])e  is  due  to  the  reddish  color  of  this  vascular 
layer  showing  through  the  retina. 

The  vitreous  membrane,  lamina  basilaris,  membrane  of  Bruch,  or  lamina 
vitrea,  constitutes  the  inner  boundary  of  the  choroid,  lying  next  the  nervous 
tunic,  which  it  sej)arates  from  the  chorio-capillaris.  The  membrane  repre- 
sents a  specialized  condensation  of  the  choroidal  stroma,  and  appears  as  a 
homogeneous  zone  which  measures  only  0.002  mm.  in  thickness. 

The  nerves  of  the  choroid  are  derived  from  branches  given  off  from  the 
long  and  short  ciliary  nerves  during  their  course  between  the  vas(;ular  and 
fibrous  tunics.  The  choroidal  nerves,  which  are  both  medullated  and  non- 
medullated,  form  a  wide-meshed  ])lexus  within  the  lamina  suprachoroidea 
containing  groups  of  ganglion-cells.  From  this  plexus  numerous  slender, 
non-medullated  fibers  proceed  to  the  arteries,  the  muscular  tissue  of  which 
they  especially  supply;  isolated  or  very  limited  groups  of  ganglion-cells  are 
found  along  the  blood-vessels. 

The  lymphatics  of  the  choroid  are  ]irobably  represented  by  distinct  cap- 
illary vessels  which  conununicate  with  the  lym])h-s])ac(^s  between  the  channels 
of  the  chorio-cai)illaris  on  the  one  liand,  and  the  perivascular  sheaths  tribu- 
tary to  the  larger  lymph-canals  on  the  other. 

The  ciliary  body  includes  the  niiddle  segment  of  the  vascular  tunic, 
extending  from  the  ora  serrata  behind  to  the  sclero-corneal  juncture  in  front. 
As  seen  in  meridional  sections,  this  region  apj)ears  as  a  triangle,  the  longer 
and  outer  side  of  which  lies  next  the  sclera  and  sclero-corneal  juncture,  the 
short  anterior  side  against  the  ju'ctinate  ligament,  and  the  inner  margin  in 
apposition  with  the  irregular,  (leej)ly  j)igmented  extension  of  the  retinal 
tunic. 

The  ciliary  body  presents  three  subdivisions — the  ciliary  ring,  the  ciliary 
processes,  and  the  ciliaiy  muscle. 

The  ciliary  ring,  or  orbiculns  ciliaris,  includes  the  smooth  amndar  tract 
lying  between  the  sinuous  border  of  the  ora  serrata  behind  and  the  ciliary 
processes  in  front,  constituting  a  band  about  4  mm.  in  width.  This  zone 
differs  in  its  structure  from  the  choroid  ])ro])er,  chiefly  in  the  absence  of  the 
rich  vascular  supi)lv,  since  the  capillary  layer  ceases  at  the  ora  serrata,  or  at 
the  point  where  the  percipient  elements  of  the  nervous  tunic  end  for  whose 
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nutrition  the  chorio-oapillaris  is  especially  designed.  Tlie  larger  blood- 
vessels of  the  choroid  are  here  represented  by  the  venous  trunks  which 
return  the  blood  from  the  iris  and  ciliary  processes  and  proceed  as  tributaries 
to  the  vense  vorticosjB.  When  viewed  from  the  posterior  surface  the  ciliary 
ring  presents  numerous  delicate  radial  striations  :  these  are  due  partly  to  the 
blood-vessels  and  partly  to  minute  })lications  of  the  surface,  best  marked 
toward  the  anterior  boundary  of  the  ring. 

The  ciliary  processes  appear  on  the  posterior  surface  of  the  ciliary  region 
as  an  annular  series  of  pyramidal  folds,  about  seventy  in  number,  the  con- 
spicuous projecting  bases  of  which  encircle  the  attached  border  of  the  iris, 
while  their  apices  gradually  fade  away  in  the  orbiculus  ciliaris.  The  delicate 
radial  striations  seen  on  the  surface  of  the  latter  are  so  related  to  the  ciliary 
processes  that  each  projection  seemingly  begins  by  the  fusion  of  several 
striations,  and  rapidly  increases  in  breadth  and  height  to  a  point  opposite  the 
margin  of  the  crystalline  lens,  and  then  abruptly  diminishes  to  the  level  of 
the  iris.  The  elevations  measure  between  2  and  3  mm.  in  length,  0.12  to  0.15 
mm.  in  breadth,  and  in  their  boldest  part  from  0.8  to  1  mm.  in  height.  The 
processes  consist  chiefly  of  convoluted  blood-vessels  supported  by  delicate 
connective-tissue  stroma,  and  covered  by  the  pigmented  extension  of  the 
retinal  tunic,  the  pars  ciliaris  retime.  It  is  probable  that  the  particular  func- 
tion of  the  ciliary  processes,  in  addition  to  affording  attachment  for  the  fibers 
of  the  suspensory  ligament  of  the  lens,  is  the  secretion  of  the  aqueous  humor, 
to  M'hicli  end  their  peculiar  formation  and  unusual  vascularity  are  especially 
adapted. 

When  seen  in  meridional  sections  each  process  is  observed  to  be  composed 
of  a  number  of  irregular  projections,  varying  greatly  in  size  and  arrange- 
ment (Fig.  29)  ;  in  general,  the  maximum  elevation  marks  the  inner  angle  next 
the  iris,  from  which  point  they  gradually  diminish  toward  the  orbicular  ring, 
where  they  fade  away.  In  addition  to  the  connective-tissue  stroma  contain- 
ing the  rich  convolution  of  blood-vessels,  the  inner  surface  of  the  ciliary 
processes,  as  well  as  that  of  the  orbiculus  ciliaris,  is  covered  by  a  continuation 
of  the  vitreous  membrane  of  the  choroid,  which  in  this  region  is  somewhat 
thickened,  measuring  from  0.003  to  0.004  mm. ;  this  limiting  membrane  sepa- 
rates the  stroma  of  the  ciliary  ])rocess  from  the  retinal  layer  represented  by 
the  double  stratum  of  epithelial  cells  which  covers  the  inner  surface  of  the 
projections. 

The  ciliary  muscle  is  very  conspicuous  in  meridional  sections  of  the  eye- 
ball, then  a])pearing  as  a  triangular  fold  of  involuntary  muscle  and  connec- 
tive tissue  which  lies  between  the  sclera  and  the  proper  tissue  of  the  ciliary 
processes.  In  its  entirety  the  ciliary  muscle  forms  a  ])rismoi(lal  annular 
band  which  surrounds  the  angle  of  the  anterior  chamber  and  attached  mar- 
gin of  the  iris. 

The  muscular  area  consists  of  three  sets  of  bundles  of  involuntary 
muscle,  intermingled  with  connective  tissue,  arranged  as  meridional,  radial, 
and  circular  fibers.  The  meridional  bundles  are  closely  grou])ed  and  con- 
stitute a  compact  muscular  layer  next  the  sclera,  to  which  they  are  loosely 
connected  by  fil)ers  of  the  lamina  suprachoroidea.  These  muscular  bundles 
take  origin  from  the  inner  scleral  ]>rocess  and  tissue,  forming  the  inner  wall 
of  Schlemm's  canal ;  posteriorly,  the  meridional  bundles  are  attached  to  the 
choroidal  tract,  into  which  they  are  inserted  by  delicate  tapering  processes; 
from  their  relation  to  the  vascular  tunic  the  meridional  muscular  bundles 
are  often  called  the  tensor  choroidea.  The  typieal  meridional  libers  lie  next 
the  sclera ;  those  more  internally  situated  gradually  assume  a  more  radial 
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disposition,  and  insensibly  hlcnd  with  tliose  whose  course  is  such  that  they 
constitute  the  radial  orotip  (see  Fig.  29). 

The  radial  fibers  of  the  ciliary  muscle  are  less  closely  placed  than  the 
meri(honal,  and  form  a  reticulum  in  which  the  nuiscular  bundles  are  sepa- 
rated by  a  considerable  amount  of  intervening  connective  tissue.  The  fan- 
shaped  mass  of  radial  tibers  diverges  from  their  })oint  of  origin  from  the 
membrane  of  Descemet  and  inner  wall  of  Schleram's  canal,  the  innermost 
fibers  passing  toward  the  ciliary  processes  and  the  outer  to  the  anterior 
border  of  the  orbiculus  ciliaris. 

In  addition  to  the  meridional  and  radial  bundles  an  isolated  group  of 
circularly  disposed  muscular  fibers  occu})ies  the  iimer  angle  of  the  triangular 
field  formed  by  the  ciliary  muscle  at  the  base  of  the  iris;  these  fibers  consti- 
tute the  eircular  or  ring  muscle  of  MuUcr. 

The  general  form  of  the  ciliary  muscle  in  the  emmetropic  eye  approxi- 
mates a  right-angled  triangle,  the  hypothenuse  corresponding  to  the  long 
scleral  margin  :  in  the  markedly  abnormal  refractive  conditions  of  myopia 
and  hy})ermetropia  the  circular  fibers  are  respectively  atrophic  or  over-devel- 
oped, which  results  in  the  obtusely-angled  myopic  muscle  and  the  unusually 
acute-angled  muscle  of  the  hypermetropic  eye. 

The  blood-vessels  of  the  ciliary  body  are  derived  from  the  anterior  and 
long  ciliary  arteries,  which  form  around  the  root  of  the  iris  the  anastomotic 
ring,  the  circulas  iritUs  major.  In  their  course  through  the  ciliary  muscle  to 
gain  the  periphery  of  the  iris  these  vessels  give  off  twigs  which  pass  directly 
to  the  muscle-substance  ;  the  arteries  supplying  the  ciliary  processes  pass 
backward  from  the  circulus  iridis  major,  piercing  the  inner  part  of  the  muscle 
to  reach  the  anterior  extremities  of  the  elevations. 

The  veins  returning  the  blood  from  the  ciliary  muscle  pass  principally 
into  the  anterior  ciliary  trunks  :  additional  venous  radicles,  however,  convey 
a  part  of  the  blood  in  the  opposite  direction  to  join  that  returned  from  the 
ciliary  processes  by  the  posteriorly  coursing  vessels,  which  finally  become 
tributary  to  the  great  equatorial  veins. 

The  nerves  of  the  ciliary  body  include  sensory,  motor,  and  sympathetic 
fibers  derived  from  the  anterior  branches  of  the  long  and  short  ciliary  trunks  ; 
these  nerves  form  an  annular  plexus,  the  orbiculus  gangliosus,  within  the 
ciliary  muscle.  Four  sets  of  fibers  probably  exist  ^vithin  the  ciliary  body  : 
1,  sensory  fibers,  largely  subscleral  in  distribution;  2,  vaso-motor  fibers  dis- 
tributed to  the  walls  of  the  blood-vessels ;  3,  motor  fibers  ending  within  the 
muscular  tissue  of  the  ciliary  body  ;  4,  fibers  terminating  within  the  inter- 
fascicular tissue  of  the  ciliary  muscle. 

The  iris  constitutes  the  anterior  segment  of  the  vascular  tunic,  and  is 
visible,  on  looking  through  the  clear  cornea,  as  the  delicate,  contractile, 
variously  tinted  septum  wiiich  contains  the  central  aj^erture  or  i^upil.  The 
plane  of  the  iris  is  not  quite  vertical,  as  its  pupillary  margin  rests  upon  the 
anterior  surface  of  the  lens,  which  causes  slight  convexity  of  its  plane.  The 
thickness  of  the  curtain  is  about  0.04  mm.  in  the  quiescent  condition,  in  a 
widely  dilated  state  being  nearly  doubled.  The  diameter  of  the  iris  is  about 
11  mm.,  of  which  the  ^\x]A\  appropriates  from  3-6  mm.  when  at  rest  (see 
also  p.  147). 

The  attached  or  ciliary  border  of  the  iris  joins  the  ciliary  body  behind, 
and  is  continuous  with  tlu;  membrane  of  Descemet  through  the  pectinate 
ligament  in  front ;  its  zone  of  attachment  lies  about  3  mm.  behind  the  ap- 
parent corneal  margin  as  viewed  from  before.  The  exact  outline  of  the 
thin  pupillary  border  is  difficult  to  see,  owing  to  its  intense  black  color  due  to 
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the  doeplv  piirnientcd  tissue  whieli  forms  the  immediate  hoiiiKhirv  of  tlie  open- 
ing :  critically  examined,  it  ])resents  a  s]i_u:htly  irregular  or  dentated  contour. 

The  cofor  qf  the  iris,  as  viewed  from  the  anterior  surface,  varies  greatly, 
and  depends  for  its  production  upon  two  factors — the  deeply  pigmented  cells 
covering  the  posterior  surface  of  the  iris  as  well  as  lining  the  pupillary  open- 
ing, and  the  amount  of  pigment  contained  within  the  iridial  stroma.  When 
the  pigmented  stroma-cells  are  very  few  or  absent  the  dark  color  of  the  pos- 
terior layer  shines  through  the  thin  stroma,  and  the  iris  appears  blue;  when 
the  stroma  is  thicker  the  tint  becomes  moditied  to  gray.  With  the  presence 
of  additional  pigment  within  the  stroma  varying  deeper  shades,  as  green, 
hazel,  brown,  are  j)roduced ;  finally,  when  the  stroma  is  laden  with  pig- 
mented cells,  the  darkest  tints  of  brown  appear — the  so-called  "black  eyes" 
(see  also  ])age  147). 

The  color  is  not  uniform,  but  is  distributed  in  irregular  spots  and  patches, 
sometimes  of  fanciful  form,  of  lighter  and  darker  tints,  so  that  a  definite  tint 
is  produced  oidy  on  viewing  the  iris  at  a  distance  sufficient  to  blend  the 
variously  tinged  areas.  Close  examination  shows  a  further  disposition  of  the 
color  in  two  zones  concentric  with  the  ])upil — the  jmpillary,  from  1-2  nun, 
wide,  which  is  lighter  in  dark  eyes  and  darker  in  light  eyes,  and  an  outer  or 
cilianj,  from  3-4  mm.  in  width,  which  is  darker  in  dark  eyes  and  lighter  in 
light  eyes.  The  boundary-zone  between  the  two  is  often  marked  by  a  series 
of  festoon-like  ridges,  the  circuluH  minor  iridic. 

The  anterior  surface  of  the  iris,  when  viewed  from  before,  exhibits  a  dis- 
tinct sculpturing  consisting  in  numerous  radial  striate  ridges  ;  these  are  par- 
ticularly fine  and  closely  aj)])roximated  within  the  pu])illary  zone,  where  they 
unite  toward  the  inner  margin,  leaving  dec})  intervening  clefts.  The  broader 
ciliary  portion  is  subdivided  into  three  secondary  zones  concentric  with  the 
pu])il — an  inner  smooth  ring,  not  plicated  during  dilatation  of  the  pupil  ;  a 
middle  fnrroived  band  ;  and  an  outer  irregularly  ])itted  marcjinal  or  cribriform 
zone.  The  first  two  are  visible  in  the  living  eye,  the  third  is  covered  by  the 
scleral  border. 

The  posterior  surface  of  the  iris  presents  numerous  radially  arranged 
ridges  separated  by  intervening  furrows,  which  are  intersected  by  concentric 
lines  ;  within  the  pupillary  zone  the  concentric  markings  almost  disappear, 
while  the  radial  are  more  mmierous  than  elsewhere,  resulting  in  the  apparent 
plication  of  the  inner  zone  of  the  iris. 

The  form  of  the  human  pupil  is  normally  circular  under  all  conditions  of 
contraction  ;  in  marked  contrast  are  the  elliptical  or  slit-like  jnipils  of  many 
mammals,  in  some  of  which,  as  the  horse  and  ox,  the  long  axis  of  the  con- 
tracted pupil  is  horizontal  ;  in  others,  as  the  cat  and  tiger,  vertical. 

The  structure  of  the  iris,  as  seen  in  radial  sections,  presents  two  chief 
layers — the  iridial  stroma  proper  and  the  ])igment  layer ;  these  include  five 
sub-layers  (Fig.  32) : 

1.  Anterior  endothelium  ; 

2.  Anterior  boundary  laver ; 

3.  Vascular  stroma  layer  ; 

4.  Posterior  limiting  layer  ; 

5.  Pigment  layer. 

Reference  to  the  development  of  the  iris  show\s  that  the  pigment  laver  is 
the  contribution  of  the  nervous  tunic,  and  morphologically  represents  the 
anterior  edge  of  the  secondary  optic  vesicle,  derived  from  the  ectoderm,  while 
the  remaining  parts  of  the  iris  are  mesodermic  in  origin. 

The  anterior  endothelium  forms  part  of  the  lining  of  the  anterior  cham- 
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ber,  and  consists  of  a  single  layer  of  irreo:nhir  polygonal  plates,  directly  con- 
tinuous with  those  covering  the  posterior  surface  of  the  cornea. 

The  anterior  limifim/  membrane  does  not  exist  as  a  distinct  layer,  being 
simply  the  moditied  and  condensed  subendothclial  stratnni  of  the  general 
stroma  into  which  it  blends.  The  connective-tissue  cells  are  here  unusually 
closely  placed,  with  a  corresponding  meagerness  of  the  intercellular  fibrous 
tissue  ;  minute  interfascicular  clefts  represent  a  system  of  intercommunicating 
lymph-spaces.    Blood-vessels  are  wanting  within  this  j)art  of  the  iris. 

The  vascular  stroma  layer,  forming  the  bidk  of  the  iris,  consists  of  a  loose 
connective  tissue  su})porting  the  numerous  blood-vessels  and  nerves  which 
occupy  this  stratum,  and  enclosing  interfascicular  lymph-spaces,  as  well  as 
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Fig.  32. — Sections  of  the  human  iris:  A,  radial  section  ;  B,  section  across  the  radii  (Retzius) :  h,  ante- 
rior condensed  zone  and  endothelium;  .v/c,  stroma-layer ;  s,  bundles  of  muscular  fibers  composing  the 
sphincter  i)upillpc  ;  d,  muscle-ccUs  constituting  the  dilatator  pupillfe  ;  r,  i)igracnt  layer  of  iris  belonging 
to  retinal  tract. 

the  groups  of  involuntary  muscle-bundles  which  constitute  the  sphincter  and 
dilatator  pupilhe  muscles.  The  radially  disposed  blood-vessels  and  nerve- 
trunks  are  invested  by  local  condensations  of  the  iridial  stroma,  the  peri- 
vascular sheaths  so  formed  representing  the  most  robust  ]>ortions  of  the 
stroma  layer,  the  intervening  areas  being  occupied  by  a  com[)aratively  loo.se 
connective-tissue  reticulum. 

The  variable  and  often  large  amount  of  pigment  contained  within  the  stroma 
layer  in  dark  irides  occurs  as  irregular  accumulations  of  pigment-cells,  the 
anterior  laver  and  the  puj)illary  zone  usually  containing  the  greatest  number 
of  the  colored  elements.  In  very  dark  irides  the  distribution  of  the  pigment 
is  very  general,  all  portions  of  the  stroma  layer  being  filled  with  the  colored 
particles. 
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The  muscular  tissue  withiu  tlie  iris  occurs  witliiu  tlic  vascular  stroma 
layer,  and  includes  the  well-marked  circular  fibers  surrounding  the  inner 
margin  of  the  iris  and  constituting  the  q^h'mctcr  pupil Uv,  and  the  nnich  less 
evident  and  often  disputed  radially  disposed  fibers  which  form  the  dilatator 
j)npiU(v. 

The  sphincter  pupilhv  consists  of  an  annular  band  of  involuntary  muscle, 
varying  in  width  l)etween  0.7  and  1.0  mm.,  according  to  the  condition  of  con- 
traction, and  from  0.07  to  0.10  nun.  in  thickness.  The  immediate  edge  of  the 
pupil  is  not  formed  by  the  nuiscular  tissue,  since  the  i)igmented  retinal  sheet 
intervenes.  The  muscle  ()ccn])ies  the  posterior  plane  of  the  stroma  layer, 
behind  the  blood-vessels ;  the  bundles  composing  its  outer  border  are  loosely 
disposed,  certain  fibers  often  assuming  an  arched  course  and  fading  away  in 
radial  oti'shoots. 

AMiile  the  presence  of  a  sphincter  muscle  is  universally  admitted,  the 
existence  of  a  radially  disposed  dilatator  jmpUUv  is  by  no  means  undis])uted. 
The  demonstration  of  a  distinct  layer  of  radiating  fibers  is  very  unsatis- 
factory, so  much  so  that  many  competent  observers  have  concluded  that  such 
fibers  do  not  exist,  and  that  a  true  dilatator  is  absent,  although  the  presence 
of  radially  disposed  delicate  spindle-cells  is  indisputable.  Without  entering 
upon  a  resume  of  the  various  views  relating  to  the  nature  of  these  s]>indle- 
cells  lying  in  close  relation  with  the  posterior  limiting  lamella,  it  may  be 
stated  that  the  most  recent  and  trustworthy  investigations,  both  from  the 
mor})hological  and  the  physiological  standpoint,  as  those  by  Retzius  and  by 
Langley  and  Anderson,  tend  to  uphold  the  existence  of  dilatator  fibers — if  not 
as  a  continuous  sheet,  at  least  as  groups  of  radiating  fibers  M'hich  collectively 
constitute  the  dilatator  pupillie,  the  presence  of  which  as  a  distinct  dilatator 
muscle  may  be  regarded  as  definitely  established. 

The  posterior  limiting  lamella  has  likewise  been  the  subject  of  much  dis- 
cussion, due  largely  to  the  uncertain  relations  of  the  layer  of  delicate  spindle- 
cells  occupying  the  iridial  stroma  in  the  immediate  vicinity  of  the  posterior 
pigment.  The  limiting  lamella,  or  basal  membrane,  appears  as  a  clear  layer 
of  great  delicacy,  its  maximum  thickness  not  exceeding  0.002  mm.,  which 
.  closely  adheres  to  the  deeply  pigmented  retinal  zone,  with  which  it  is  often 
'inseparably  united.  The  lamella  in  question  may  be  regarded  as  the  atten- 
uated anterior  continuation  of  the  membrane  of  Bruch,  which  extends  for- 
ward from  the  choroid  over  the  orbiculus  ciliaris  and  ciliary  processes. 

The  pigment  layer  covering  the  posterior  surface  of  the  iris  as  far  as  the 
anterior  margin  of  the  i)upil,  although  a  conspicuous  anatomical  portion  of 
the  iris,  morphologically  represents  the  anterior  segment  of  the  atrophic  por- 
tion of  the  nervous  tunic — the  pars  retina;  iridiea.  The  dee])ly  colored 
layer,  although  ordinarily  apjiearing  as  a  uniform  stratum  of  pigment- 
particles,  in  reality  consists,  as  seen  in  suitable  i>reparations,  of  two  distinct 
layers — an  outer,  made  up  of  low  irregular  fusiform  elements,  and  an  inner, 
composed  of  short  polygonal  cells;  these  layers  are  continuous  as  the  anterior 
margin  of  the  pni)il  and  represent  the  double-layered  anterior  lip  of  the  optic 
cup.  On  approaching  the  ciliary  processes  the  amount  of  pigment  gradually 
lessens,  first  in  the  inner  layer,  and  subsequently  likewise  in  the  cells  of  the 
outer  layer ;  finally,  at  the  base  of  the  ciliary  elevations  the  outer  layer  alone 
contains  pigment-particles.  The  inner  cells  are  covered  on  their  free  surfaces 
by  an  extremely  (lelicat(>  cuticnlar  membrane,  the  limifaiis  iridis,  which  is 
})robably  the  continuation  of  the  cuticle  investing  the  ciliary  portion  of  the 
retinal  sheet. 

The  blood-vessels  of  the  iris  include  the  arterial  stems  given  off  from  the 
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anterior  border  of  the  circulm  arteriosus  iridis  major,  situated  around  tlie 
periphery  of  the  iris,  from  which  the  radially  disposed  arterioles  proceed 
through  the  stroma  layer  as  far  as  the  sphincter  zone.  At  this  point  they 
freely  join  to  form  a  second  anastomotic  circuit,  the  ciroulus  arteriosus  iridis 
minor,  which  surrounds  the  [)upillary  opening  and  gives  oif  three  sets  of 
twigs — an  internal,  for  the  supply  of  the  sphincter  nuiscle,  and  anterior  and 
posterior  groups  to  the  corresponding  layers  of  the  iris  stroma. 

The  capillary  networks  derived  from  these  sources  join  to  form  venous 
radicles  which  take  a  generally  radial  course,  the  veins  uniting  at  acute  angles 
to  form  the  larger  venous  trunks  which  accompany  those  from  the  ciliary 
processes  along  the  inner  border  of  the  ciliary  muscle  and  terminate  by  join- 
ing the  large  vente  vorticosaj.  The  vessels  of  the  iris  are  provided  with  peri- 
vascular lymph-sheaths  within  the  thickened  adventitious  coat. 

The  lytiip/iatics  of  the  iris  are  represented  by  the  interfascicular  tissue- 
spaces  which  constitute  an  interconnnunicating  system  of  clefts  within  the 
stroma,  and  at  the  periphery  comnuniicate  with  the  spaces  within  the  ciliary 
body  and  with  the  spaces  of  Fontana. 

The  nerves  of  the  iris  are  derived  from  the  orhiculus  gangliosus,  which, 
as  already  noted,  is  formed  within  the  acconnnodative  muscle  by  the  branches 
of  the  ciliary  nerves.  The  trunks  destined  for  the  iris  pursue  a  spiral  course 
toward  the  periphery,  and  uj)on  entering  the  stroma  break  up  into  branches 
which  soon  become  reunited,  after  undergoing  new  combinations,  to  form 
plexuses  within  the  stroma-layer. 

The  nerves  of  the  iris  possess  three  varieties  of  terminal  fibers :  1,  motor 
endings  within  the  muscular  tissue  ;  2,  sensory  endings  within  the  superficial 
layers  of  the  stroma ;  8,  vaso-motor  endings  ^v  ithin  the  walls  of  the  arteries 
and  capillaries. 

The  presence  of  ganglion  nerve-cells  within  the  iris  is  doubtful.  At 
best,  they  occur  as  small,  sparingly  distributed  elements,  usually  of  irregular 
multipolar  form,  the  nervous  nature  of  which  is  not  beyond  dispute. 

The  Nervous  Tunic. — The  Retina. — Viewed  in* the  light  of  the  more 
modern  conceptions,  the  nervous  coat  can  no  longer  be  regarded  as  of  the  same 
liuiited  morphological  value  as  the  other  tunics  of  the  eyeball,  but  must  be  con- 
sidered as  a  true  nervous  center,  consisting  of  a  peripherally  situated  portio^^ 
of  the  nervous  system,  and  not  merely  as  a  complex  apparatus  for  the  percep- 
tion of  light-stimulus. 

The  entire  nervous  tunic,  as  representing  the  structures  derived  from  the 
optic  vesicle,  extends  from  the  optic-nerve  entrance  to  the  anterior  pupillary 
margin.  The  modifications  which  take  place  within  this  extensive  tract  suffice 
to  differentiate  two  sharply-defined  segments — the  posterior,  embracing  the 
hindermost  part  of  the  tunic  from  the  optic  entrance  to  the  ora  serrata,  and 
constituting  the  functionating  pars  optica  retinae;  and  the  anterior,  which 
includes  the  atrophic  segment  covering  the  ])osterior  surface  of  the  ciliary 
body  and  the  iris,  and  hence  appropriately  designated  as  the  pars  ciliaris  and 
pars  iridica  retince,  respectively. 

The  visual  portion  of  the  nervous  tunic,  or  retina  propter,  is  closely  ap- 
plied to  the  choroid,  and  extends  from  the  optic  entrance  over  the  posterior 
two-thirds  of  the  eyeball,  ending  abruptly  at  the  ciliary  region  in  a  sinuous 
border,  the  ora  serrata,  where  it  passes  over  into  the  greatly  attenuated  ante- 
rior non-visual  segment  of  the  coat. 

The  retina  during  life  and  in  health  is  perfectly  smooth  and  transparent, 
its  blood-vessels  alone  being  distinguishable  :  owing  to  this  transparency  of 
its  inner  division  the  dark  color  of  the  deeply  pigmented  outer  retinal  layer 

5 


66    EMBRYOLOGY,  ANATOMY,  AND  HISTOLOGY  OF  EYE. 


becomes  an  important  factor  in  absorbing  reflected  liglit-rays  and  thns  pre- 
venting interference.  Dnring  life  the  retina  possesses  a  purplish-red  tint, 
due  to  the  presence  of  the  so-called  cimal  purple  within  certain  of  its  ele- 
ments. After  death  the  retina  soon  becomes  cloudy,  later  appearing  as  a  thin 
grav  veil.  In  thickness  the  retina  decreases  from  about  0.4  mm.  at  the  pos- 
terior pole  to  little  over  0.2  mm.  in  the  vicinity  of  the  ora  serrata. 

On  examining  the  eye-ground  (see  also  j^age  184)  a  conspicuous  circular 
whitish  area  marks  the*  position  of  the  optic-nerve  entrance,  lying  a  little  to 
the  nasal  or  inner  side  of  the  posterior  pole  of  the  eyeball.  The  optic  dish, 
optic  papilla,  optic  entrance,  or  porus  opticus,  is  not  quite  circular,  but  is  ellip- 
tical in  form,  its  longest  diameter  being  vertical  and  measuring  about  1.7  mm. 
as  against  1.5  mm.  in  the  horizontal  direction.  The  surface  of  the  oj)tic  disk 
often  presents  a  distinct  funnel-like  depression,  the  physiological  c.vcavcdion, 
which  results  from  the  mode  of  development ;  the  excavation  is  usually 
eccentrically  placed,  being  somewhat  toward  the  nasal  side,  where  the  de- 
pression is  steepest  and  occupied  by  the  retinal  vessels.  Remains  of  the  fetal 
hvaloid  artery  may  be  seen  as  a  filament  of  connective  tissue  extending  into 
the  vitreous  body  from  the  optic  disk.  The  white  appearance  of  the  area  is 
due  to  the  scleral  connective  tissue  of  the  lamina  cribrosa  and  the  medullated 
nerve-fibers  shining  through  the  semi-transj)arent  layer  of  axis-cylinders 
which  occupy  the  disk. 

Critically  examined  through  the  ophthalmoscope,  the  margin  of  the  optic 
nerve  appears  as  a  faint  reddish  outline;  next  the  nerve  the  o])tic  disk  pre- 
sents a  narrow  white  annular  edge,  the  scleral  ring,  which  is  the  edge  of  the 
aperture  in  the  fibrous  tunic ;  outside  of  the  scleral  border  a  second  circle, 
often  quite  dark,  and  not  infrequently  broken,  appears  as  an  irregular  pig- 
mented zone,  the  cJioroicJal  ring,  the  presence  of  wiiich  is  due  to  the  deeply 
colored  choroid.  The  optic  entrance  corres[)onds  with  the  "  blind  spot,"  the 
explanation  of  which  is  found  in  the  absence  of  the  perceptive  elements 
within  this  area. 

The  macula  lutea,  or  yellow  spot,  is  an  area  of  slightly  oval  form  distin- 
guished by  its  peculiar  reddish-brown  tint,  which  is  due  to  the  presence  of 
diffused  pigment-])articles.  The  macula  corresponds  closely  with  the  axis  of 
the  eyeliall,  and  lies  about  4  mm.  to  the  temporal  side  of  the  centre  of  the 
optic  entrance  and  about  0.75  mm.  below  the  horizontal  meridian.  The  limits 
of  the  yellow  spot  arc  not  sharply  defined,  since  it  blends  into  the  surround- 
ing retina,  but  its  form,  when  accurately  studied,  is  usually  almost  circular 
or  but  slightly  elliptical,  siiuie  the  oval  form  frequently  described  depends, 
probably,  more  upon  oj)hthalmoscopic  ajipearances  than  upon  anatomical 
arrangement.  The  greatest  diameter  of  the  yellow  s])ot  measures  a  little 
over  2  nuu.,  and  often  does  not  quite  correspond  with  the  horizontal  me- 
ridian. 

About  the  center  of  the  macular  area  a  dark-brown,  apparently  deeply 
pigmented  spot  marks  the  position  of  the  fovea  centralis,  a  depression  in 
which  the  retina  becomes  greatly  thiiuied,  and  thus  allows  the  dee])ly-tinted 
subjacent  pigment  to  become  exceptionally  conspicuous.  The  fovea  corre- 
sponds to  the  point  of  highest  acuity  of  vision,  and  anatomically  is  distin- 
guished by  profound  modifications  in  the  arrangement  of  the  histological 
elements  of  the  retina. 

The  size  of  the  fovea  as  usually  given,  between  0.2  and  0.4  mm.,  is 
too  small,  the  recent  investigations  of  Dimmer,  Golding-Bird,  and  Schiifer 
indicating  a  diameter  exceeding  1  mm.,  and,  exceptionally,  apj^roximating 
nearly  2  mm.    Owing  to  the  absence  of  the  rods  within  the' fovea,  and  there-' 
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fore,  likewise,  of  the  visual  piirplo,  this  region  possesses  an  inherently  lighter 
tint  than  the  surrounding  retiua,  souietinies  appearing  as  a  faintly  tinted  s})ot 
when  examined  with  the  o[)hthalnK)scope.  The  fovcal  reflex  seen  with  the 
mirror  is  due  to  the  direction  and  slope  of  the  sides  of  the  (lej)ression,  the 
variations  in  these  resulting  in  the  differences  observed  in  the  ophthalmoscopic 
image  (compare  with  page  188). 

The  retina  morphologically  consists  of  two  distinct  layers — an  outer  and 
inner  lamella,  which  correspond  to  the  external  and  tlie  internal  layers  of  the 
optic  vesicle;  the  outer  lamella  is  represented  l)y  the  pigment  layer,  while  the 
inner  lamella  includes  the  remaining  retinal  strata.  The  inner  lamella  may 
be  further  subdivided  into  the  neuro-epithelial  and  the  cerebnd  layers. 

Sections  of  the  nervous  tnnic,  when  perpendicular  to  the  surface  of  the 
membrane,  show  numerous  strata,  the  outeruiost  of  which  is  distinguished  by 
its  dark  color,  and  constitutes  tlie  retinal  pigment ;  the  succeeding  layers 
differ  widely  in  the  amount  of  protoplasmic  elements  which  they  contain, 
and  hence  vary  in  the  intensity  with  which  they  stahi,  so  that  the  retina  pre- 
sents lighter  and  darker  strata  when  seen  in  usual  carmine  or  haematoxylin 
preparations.  The  designation  of  the  retinal  layers  (Fig.  33),  as  well  as  their 
morphological  relations  from  without  inward,  is  as  follows  : 


I.  Outer  layer  of  f 
optic  vesicle,  \ 


II.  Inner  layer  of 
optic  vesicle, 


Neuro-epithelial  layer. 


Cerebral  layer. 


Retinal  Layers. 

Pigment  layer,  |  Pigment  layer. 

Layer  of  rods  and  cones, 
Layer  of  bodies  of  visual  cells 

or  outer  nuclear  layer. 
External    plexiform  layer  or 

outer  reticular  layer, 
Layer  of  bipolar  cells  or  inner 

nuclear  layer. 
Internal    plexiform   layer  or 

inner  reticular  layer, 
Layer  of  ganglion-cells. 
Layer  of  nerve-fibers. 

The  retina  may  be  regarded  as  an  isolated  portion  of  the  central  nerv- 
ous system  immediately  connected  with  a  highly  specialized  perceptive  sense- 
apparatus  :  as  otlier  parts  of  the  nervous  axis,  so  the  retina  is  composed 
of  two  varieties  of  elements,  the  nervous  and  the  siistentacular,  the  latter 
being  represented  by  the  modified  neurogliar  reticulum  and  columns,  the 
fibers  of  Miiller.  The  nervous  elements  constitute  collectively  the  f/anr/lion 
retince,  and  represent  tiu;  cortical  cells  of  the  brain.  In  ])rinciple,  therefore, 
the  retina  consists  of  the  percipient  elements,  closely  a])plied  to  the  pigment 
layer,  the  ganglion  retinje  and  the  ganglion-cells  with  their  fibers,  which 
establish  communication  with  the  brain-centers. 

The  Pigment  Layer. — The  conspicuous  deeply-colored  stratum  of  pigment- 
cells  which  forms  the  most  external  layer  of  the  retina  is  the  direct  repre- 
sentative of  the  attenuated  outer  lamella  of  the  optic  vesicle.  It  is  composed 
of  hexagonal  elements,  about  0.015  mm.  in  diameter,  although  subject  to 
marked  individual  variation,  smaller  cells  often  surrounding  larger  ones. 
Close  examination  of  the  pigment-cells  in  section  shows  that  the  colored  par- 
ticles do  not  invade  the  entire  protoplasm,  but  that  an  outer  zone,  containing 
the  nucleus,  is  clear,  the  pigment  l)eing  confined  to  tlie  middle  and  inner  seg- 
ments of  the  cells.  The  inner  margin  of  the  pigment-cells  is  irregular,  in 
contrast  to  the  smooth  external  border  and  in  close  relation  to  the  outer  ends 
of  the  rod  and  cone  segments  of  the  visual  cells  (Fig.  34). 
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The  pigment-cells  are  })rofoiindly  affected  bv  light  stimulus,  since  under 
the  influence  of  light  the  colored  particles  migrate  toward  the  rods  and  cones, 
between  which  the  protoplasm  of  the  pigment-cells  extends  (Fig.  35).  After 

Layer  of  pigment-cells. 


Layer  of  rods  and  cones. 


External  limiting  membrane. 


Oufer  nudear  layer  (layer  of 
bodies  of  visual  cells). 


Oufer  plexiform  layer  {outer 
reticular  layer). 

Inner  nuclear  layer  [layer  of 
bipolar  s). 


Inner  plexiform  layer  [inner 
reticular  layer). 


Layer  of  ganglion -cells. 


1.  Layer  of  nerve-fibers. 

Internal  limiting  membrane. 
Fig.  33.— Diagrammatic  section  of  the  human  retina  (Max  Schultze). 

being  subjected  to  darkness,  on  the  contrary,  the  pigment  particles  are  retracted 
and  collected  within  the  middle  or  so-called  baml  zone  (Fig.  36).  The  relation 
between  the  pigment-cells  and  the  rods  and  cones  explains  the  variations  in  the 


Fio.  34.— Pigmented  epithelium  from  human  retina  (Max  Schultze) :  a,  surface  view  of  cells,  showing 
clear  nuclei  and  intercellular  lines:  b,  cells  scon  in  profile,  with  protoplasm  extended  between  per- 
cipient elements;  c,  cell  still  connected  with  rods. 

degree  of  attachment  between  the  colored  and  remaining  portions  of  the  retina  : 
after  exposure  to  light  the  intimate  relation  between  the  pigment  and  ]iercipient 
elements  renders  the  attachment  between  the  two  originally  distinct  lamellfe 
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much  stronger  than  tliat  existing  after  sechision  in  darkness,  under  which 
conditions  the  tendency  to  the  natural  separation  of  tlie  enibryologically  dis- 
tinct lamellae  becomes  pronounced,  the  pigment  then  remaining  attached  to 
the  choroid  when  the  retina  is  removed. 

Tlie  Lai/er  of  Neuro-epithelium . — Under  this  heading  are  inchided  two 
strata,  which  are  usually  described  as  the  layer  of  rods  and  cones  and  the 
external  nuclear  layer,  the  former  being  the  specialized  outer  parts,  and  the 
latter  the  extended  and  attenuated  nucleated  bodies  of  the  visual  cells. 

The  layer  of  rods  and  cones  represents  the  highly  differentiated  outer 
extremities  of  two  forms  of  light-perceptive  elements,  the  rod-  and  the  cone- 
visual  cell.  Under  high  amplification,  as  seen  in  section,  rods  of  the  human 
retina  appear  as  elongated  cylindrical  forms,  about  0.060  mm.  in  length  and 
0.002  mm.  in  thickness,  each  consisting  of  an  outer  and  inner  segment  of  about 


Fig.  35. — Section  of  frog's  retina,  showing  the 
action  of  light  upt)n  the  pigment-cells  and  njion 
the  rods  and  cones  (v.  Genderen-Stort).  The  retina 
had  been  exposed  to  light  for  some  time  before 
killing:  the  pigment-cells  have  extended  their 
protoplasm  between  the  rods  and  cones  nearly  to 
their  bases ;  the  cones  have  retracted. 


Fi(i.  36.— Section  of  frog's  retina,  showing  action 
of  darkness  upon  the  pigment-cells  and  upon  the 
rods  and  cones  (v.  Genderen-Stort).  The  retina  had 
been  kept  in  the  dark  for  some  hours  before  death, 
in  consequence  of  which  the  pigment  is  retracted 
toward  the  nucleated  part  of  the  cells  and  from 
between  the  rods.   The  cones  are  elongated. 


equal  length.  The  outer  segment  possesses  a  uniform  diameter  and  presents 
a  homogeneous  structure,  being  probably  of  the  nature  of  a  cuticular  appen- 
dage. The  external  segments  of  the  rods  are  of  interest  as  being  the  chief, 
if  not  the  sole,  possessor  of  the  visual  purple  or  rhodopsin,  the  color  being 
uniformly  distributed  throughout  tliis  part  of  the  rod.  The  inner  rod  seg- 
ment, with  slightly  increased  diameter,  is  of  feebly  marked,  ellipsoidal  form, 
and  exhibits  more  or  less  clearly  a  differentiation  into  an  external  faintly 
striated  subdivision,  the  rod-ellipsoid,  and  an  internal  granular  area,  the  lentic- 
ular body  (Fig.  37). 

The  bodi/  of  the  rod-visual  cell  lies  within  the  external  nuclear  zone  and 
consists  of  the  attenuated  column  of  protoplasm,  the  rod-fiber,  and  the  more 
conspicuous  nucleus,  the  rod-gramde.  The  rod-fiber  is  directly  continuous 
with  the  inner  part  of  the  rod  at  the  outer  end,  and  extends  into  tlie  external 
plexiform  layer,  within  which  it  ends  in  a  minute  knob-like  expansion  in  close 
relation  with  the  terminal  arborizations  of  the  bipolar  nerve-cells  (Fig.  38). 
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The  nuclei  of  tlie  rod-cells,  which  usually  present  transverse  dark  and 
light  stripes,  are  of  nnich  o  roater  thickness  thau  tlie  rod-liber,  in  consequence  of 
wliicii  the  position  of  tlie  nucleus  in  each  visual  cell  is  indicated  by  a  marked 
enlargement  consisting  of  the  micleus  surrounded  by  a  thin  envelope  of  pro- 
toplasm. The  uuclei,  or  rod-granules,  are  situated  at  all  layers,  and  con- 
tribute far  the  larger  share  of  the  deeply  staining  bodies  which  constitute 
tlie  chief  elements  of  the  outer  granule-layer. 

The  cone-vhual  cells  are  made  up  of  the  same  general  divisions  as  the 
associated  rod-elements,  including  the  specialized  outer  ])art,  the  cone,  and 


Fm.  37. — A  rod  and  a  cone  from  the  hnman  retina  Fro.  38. — Diagram  of  the  neuro-epithelial  ele- 

(Max  Schnltze).  The  line,  Z,  indicates  the  position  ments  of  the  retina  (Quain-Schwalbe) :  4,  bipolar 
of  the  external  limiting  membrane :  the  portion  of  nerve-cells,  related  to  the  rod-  and  cone-visnal 
the  fifriire  unshaded  represents  parts  of  the  visual  cells  cells  in  the  outer  plexiform  layer  (5);  6,  the 
contained  within  the  outer  nuclear  layer.  nucleated  bodies  of  the  rod-  and  cone-visual 

cells,  containing  the  rod-  and  cone-granules 
(nuclei)  and  the  rod-  and  cone-fibers  (these 
parts  of  the  visual  cells  constitute  the  outer 
nuclear  layer) ;  7,  the  layer  of  rods  and  cones 
which  represents  the  outer  highly  specialized 
ends  of  the  visual  cells :  each  rod  and  cone  is 
composed  of  the  outer  and  inner  segment. 


the  cone-cell  body  within  the  external  nuclear  layer.  Each  c(me  comprises 
an  outer  and  an  inner  segment,  which  differ  both  in  length  and  in  thickness. 
In  contrast  to  the  almost  uniform  diameter  and  length  of  the  two  parts  of 
the  rods,  the  outer  segment  of  the  cones  is  shorter  and  thinner  than  the  inner 
segment,  which  is  conical,  or,  more  accurately  regarded,  ellipsoidal,  and  mea- 
sures about  0.006  mm.  where  it  is  broadest.  The  cones  do  not  extend  as  far 
into  the  pigment  layer  as  the  rods,  terminating  as  blunted  cones  at  a  point 
about  opposite  the  middle  of  the  outer  segments  of  the  adjacent  rods.  The 
cones  do  not  contain  the  visual  purple,  but  possess  a  somewhat  higher  refrac- 
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tive  index  than  the  rods.  AVhile  the  outer  cone  segment  displays  a  tendency 
to  break  up  into  transverse  disks,  the  inner  segment  exhibits  a  faint  longi- 
tudinal striation. 

The  body  of  the  cone-visual  cell  contributes  to  form  the  external  iniclear 
layer,  and  consists  of  the  attenuated  cell-body,  the  cone-fiber,  and  broader 
conspicuous  nucleus,  the  conc-granide.  The  latter,  instead  of  occupying  all 
levels  of  the  nuclear  layer,  as  do  the  nuclei  of  the  rod-cells,  are  limited  to 
the  zone  immediately  below  the  external  limiting  membrane,  being  continu- 
ous with  the  bases  of  the  inner  cone-segments  :  additional  characteristics  of 
the  cone-granules  are  their  large  size,  lack  of  cross-stripes,  and  possession  of 
nucleoli.  The  cone-fibers  terminate  within  the  outer  plexiform  layer  in 
expanded  bases  or  feet,  which  stand  in  close  relation  with  the  arborizations 
formed  by  the  terminal  expansions  of  the  cone-bipolars. 

The  entire  number  of  rods  within  the  human  retina  has  been  estimated 
by  Krause  at  l;30,0()(),()00  ;  that  of  the  cones,  by  Salzer  at  3,360,000 ;  the 
number  of  rods,  therefore  in  the  man  is  greatly 
in  excess  of  the  cones  througiiout  most  parts  of 
the  retina — in  the  fovea,  however,  the  cones  are 
alone  present.  The  numerical  proportion  between 
the  two  varieties  of  pcr('i[)ient  elements  varies 
in  different  ])arts  of  the  nervous  tunic,  as  shown 
by  the  variation  in  the  pattern  seen  on  inspecting 
the  surface  of  the  retina  where  the  cones  appear 
as  larger  circles  surrounded  by  areas  of  smaller 
rings;  the  cones  are  usually  separated  by  an 
interval  occupied  by  three  or  four  rods.  In  the 
vicinitv  of  the  macula  the  cones  increase  so  that 
only  a  single  row  of  rods  intervene,  while  in  the 
fovea  the  cones  alone  are  present  (Fig.  39). 

The  External  Plexiform,  or  Outer  Reticidar 
Layer. — This  stratum  lies  next  the  layer  of  visual  cells  or  neuro-epithelium, 
and  is  the  first  of  the  lamellie  which  constitute  the  cerebral  division  of  the 
retina.  The  layer  appears  as  a  light,  faintly  staining  zone,  about  0.01  ram. 
in  breadth,  the  apparent  granular  structure  of  which,  as  seen  under  moderate 
anij)lification,  giving  place  to  an  intricate  reticulum  when  examined  with 
higher  magnification.  The  true  nature  of  this  reticulum  was  demonstrated 
only  after  the  introduction  of  the  more  recent  im])r()vcd  methods  of  staining 
by  the  Golgi  silver  and  methylene-blue  processes  :  recent  investigations  have 
shown  that  the  major  part  of  the  plexiform  layer  consists  of  tiie  delicate 
ramifications  and  intricate  interlacings  of  the  ])rocesses  of  the  nerve-cells 
constituting  the  ganglion  retinse  and  occupying  the  inner  nuclear  zone,  held 
together  by  the  delicate  framework  of  sustentacular  tissue. 

The  exact  relations  between  the  central  extremities  of  the  cone-  and  rod- 
visual  cells  and  the  endings  of  the  nerve-cell  processes  have  long  been  the 
subject  of  discussion.  The  direct  connection  formerly  supposed  to  exist 
between  the  nerve-cells  and  the  visual  cells  is  no  longer  tenable  in  the  light 
of  our  modern  conceptions  regarding  the  ultimate  endings  of  nerve-processes, 
since  the  best  authorities  are  agreed  that  each  nerve-cell  exists  as  an  inde- 
pendent element,  whose  relation  to  other  cells  is  one  of  contiguity  and  not 
of  anatomical  continuity.  The  nervous  elements  in  close  relation  witii  the 
visual  cells  are  the  "rod"  and  "cone"  bipolars,  the  nucleated  bodies  of 
which  form  the  conspicuous  "granules"  of  the  inner  nuclear  layer.  The 
peripherally  directed  processes  of  these  nerve-cells  extend  within  the  external 


Fig.  39.— Surface  viev/  of  the 
rods  and  cones,  showing  the  rela- 
tive distribution  of  these  elements 
(KoUiker) :  a,  from  macula  lutea, 
where  only  cones  are  present ;  b, 
from  near  macula,  where  only  a 
single  layer  of  rods  separates  the 
cones :  c,  from  midway  between 
macula  and  oraserrata,  where  rods 
preponderate. 
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plexiforra  layer  and  terminate  in  end-arborizations  surrounding^  the  inner 
extremities  of  the  visual  cells,  which  also  penetrate  into  the  reticular  zone. 

Additional  nervous  elements,  the  horizontal,  basal,  or  stellate  cells,  are 
found  within  the  external  plexiform  layer ;  they  exist  in  two  forms,  the 
^nailer  outer  and  the  larger  inner  cells.  The  former  are  flattened  stellate 
elements  which  lie  within  the  outer  part  of  the  plexiform  layer,  through 
which  their  long  axis-cylinder  ]>rocesses  extend  for  considerable  distances  to 
terminate  in  arborizations  surrounding  the  ends  of  the  visual  cells,  thus 
establishing  indirect  conduction  between  the  elements  lodged  within  the 
plexiform  stratum.  The  larger  inner  horizontal  cells  occujiy  the  deeper 
portions  of  the  layer,  some  possessing  descending  processes  which  penetrate 
centrally  as  far  as  the  inner  plexiform  layer,  in  which  they  terminate  in 
arborizations. 

The  Layer  of  Bipolar  Nerve-cells,  or  the  Inner  Nuclear  Layer. — This 
stratum,  as  usually  seen,  closely  resembles  the  outer  nuclear  layer,  being 
apparently  composed  of  large  numbers  of  deeply  staining  granules.  The 
layer  measures  from  0.035  mm.  in  the  vicinity  of  the  optic  disk  to  0.018 
mm.  at  the  ora  serrata. 

The  ganglion-cells  of  the  layer  consist  of  two  chief  varieties — those 
especially  related  to  the  rod-visual  colls,  and  hence  appropriately  called  rod- 
bipolars  ;  and  those  associated  with  the  cone-cells,  known  as  the  cone-bipolars. 
The  particular  purpose  of  the  bij)()lars  is  to  supply  the  connecting  link  be- 
tween the  visual  cells,  around  which  they  terminate  on  the  one  hand,  and 
the  large  ganglion  elements  giving  off  the  nerve-fibers  to  the  brain,  in  rela- 
tion to  which  their  centrally  directed  processes  expand,  on  the  other.  Refer- 
ence to  Fig.  40  shows  that  the  arrangement  of  the  processes  of  the  cone- 
bipolars  differs  from  that  of  the  processes  of  the  rod-bipolars :  the  latter 
extend  through  the  entire  thickness  of  the  inner  plexiform  layer  to  the 
bodies  of  the  ganglion-cells,  which  they  enclose  with  their  arborizations. 
The  descending  processes  of  the  cone-bipolars,  on  the  contrary,  are  limited  to 
the  inner  plexiform  layer,  meeting  with  the  expansions  of  the  ascending 
dendrites  of  the  large  ganglion-cells  at  various  levels,  where  the  interlacing 


Fig.  40. — Elements  of  the  mammalian  retina  after  treatment  with  the  Golgi  silver  method  (Cajal) : 

I.  Section  of  the  dog's  retina:  a,  eone-fiber;  b,  rod-fiber  and  nucleus;  c,  rf,  bipolar  cells  (inner  gran- 
ules) with  vertical  ramification  of  outer  processes  destined  to  receive  the  enlarged  ends  of  rod-fibers  ;  e, 
bipolars  with  flattened  ramification  for  ends  of  cone-fibers  :/,  giant  bipolar  with  flattened  ramification  ;  g, 
cell  sending  a  neuron  or  nerve-fiber  process  to  the  outer  molecular  layer  ;  /i,  amacrine  cell  with  diffuse 
arborization  in  inner  molecular  layer  :  /,  nerve-fibrils  passing  to  outer  molecular  layer ;  j,  centrifugal 
fibers  passing  from  nerve-fiber  layer  to  inner  molecular  layer ;  m,  nerve-fibril  passing  into  inner  molecu- 
lar layer ;  n,  ganglionic  cells. 

II.  Horizontal  or  basal  cells  of  the  outer  molecular  layer  of  the  dog's  retina.  A,  small  cell  with 
dense  arborization ;  B,  large  cell,  lying  in  inner  nuclear  layer,  but  with  its  processes  branching  in  the 
outer  molecular:  a,  its  horizontal  neuron;  V,  medium-sized  cell  of  the  same  character. 

III.  Cells  from  the  retina  of  the  ox:  n,  rod-bipolars  with  vertical  arborization;  b,  c,  d,  e,  cone- 
bipolars  with  horizontal  ramification  ;  /,  r/,  bipolars  with  very  extensive  horizontal  ramification  of  outer 
process ;  h.  cells  lying  on  the  outer  surface  of  the  outer  molecular  layer,  and  ramifying  within  it;  i,j,m, 
amacrine  cells  within  the  substance  of  the  inner  molecular  layer. 

IV.  Neurons  or  axis-cylinder  processes  belonging  to  horizontal  cells  of  the  outer  molecular  layer,  one 
of  them,  b,  ending  in  a  close  ramification  at  o. 

V.  Nervous  elements  connected  with  the  inner  molecular  layer  of  the  ox's  retina  :  A,  amacrine  cell, 
with  long  processes  ramifying  in  the  outermost  stratum  :  B,  large  amacrine  with  thick  processes  ramify- 
ing in  second  stratum  ;  C,  flattened  amacrine  with  long  and  fine  processes  ramifying  mainly  in  the  first 
and  fifth  strata:  D,  amacrine  with  radiating  tuft  of  fil)rils  destined  for  third  stratum;  Enlarge  ama- 
crine, with  processes  ramifying  in  fifth  stratum  ;  F,  small  amacrine,  branching  in  second  stratum  ;  G,  H, 
other  amacrincs  destined  for  fourth  stratum  :  n,  small  ganglion-cell  sending  its  processes  to  fourth 
stratum ;  b,  a  small  ganglion-cell  with  ramifications  in  three  .strata;  c,  a  small  cell  ramifying  ultimately 
in  first  stratum ;  d,  a  medium-sized  ganglion-cell  ramifying  in  fourth  stratum  ;  e,  giant  cell,  branching  in 
third  stratum  ;  /,  a  bistratified  cell  ramifying  in  second  and  fourth  strata. 

VI.  Amacrines  and  ganglion-cells  from  the  dog:  A,  amacrine  with  radiating  tuft ;  B,  large  amacrine 
passing  to  third  stratum ;  O  and  G,  small  amacrines  with  radiations  in  second  stratum;  F,  small 
amacrine  passing  to  third  stratum;  D,  amacrine  with  dift'use  arborization;  E,  amacrine  belonging  to 
fourth  stratum;  a,  d,  e.  p,  small  ganglion-cells,  ramifving  in  various  strata;  b,  f,  large  ganglion-cells 
showing  two  different  characters  of  arborization  ;  /,  bistratified  cell.  ' 

VII.  Amacrines  and  ganglion-cells  from  the  dog :  A,  B,  C,  small  amacrines  ramifying  in  middle  of 
molecular  layer:  b,  d,  g,  h,  7,  small  ganglion-cells  showing  various  kinds  of  arborization ;  f  a  larger 
cell,  similar  in  character  to  g,  but  with  longer  branch  ;  n,  c,  c,  giant  cells  with  thick  branches  ramifvine 
in  the  first,  second,  and  third  layers ;  L,  L,  ends  of  bipolars  branching  over  ganglion-cells 
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arborizations  of  tlie  two  elements  form  plexuses  of  considerable  extent.  The 
peripheral  arborizations  of  the  cone-bipolars  expand  beneath  the  broad  bases 
of  the  cone-visual  cells,  forming  horizontally-extended,  terminal  plate-like 
groups  of  ultimate  fibrilke. 

In  addition  to  the  bipolar  cells  the  inner  zone  of  the  inner  nuclear  layer 
contains  nervous  elements  which  were  long  ago  described  by  Miiller  under 
the  name  of  "  s])ongiol)lasts,"  under  the  impression  that  the  cells  in  question 
were  concerned  in  the  production  of  the  sustentacular  framework  of  the 
layer :  these  elements  are  now  regarded  as  nervous  in  character,  and,  from 
their  peculiarity  of  seemingly  being  without  axis-cylinder  processes,  have 
been  named  by  'Cajal  aniacrine  cell.^.  The  richly  branching  dendrites  of  these 
elements  extend  into  the  inner  plexiform  layer,  in  which  th(y'  end  either  in 
the  expanded  brush-like  arborizations  of  the  dijfuse  amacrines,  ov  in  the  hori- 
zontally extending  arborizations  of  the  dmtiform  type.  A  few  oval  nuclei 
within  this  stratum  belong  to  the  long  columnar  supi)orting  fibers  of  Miiller, 
which  usually  possess  irregular  nucleated  expansions  within  the  zone. 

The  Internal  P/cxifonn,  or  Inner  Reticular  Layer. — This  has  been  already 
largely  described  incidentally  to  the  consideration  of  the  bipolar  cells,  since  the 
ex|)ansions  of  the  processes  of  these  elements  contribute  largely  to  the  formation 
of  this  layer.  The  inner  plexiform  stratum,  about  0.04  mm.  in  width,  resem- 
bles closely  the  similar  outer  zone,  being  really  an  intricate  reticulum  formed 
by  the  interlacement  of  the  ])rocesses  of  nerve-cells  situated  in  the  adjacent 
lamiuje.  In  addition  to  the  delicate  supporting  framework  of  neuroglia,  the 
principal  constituents  of  the  layer  are  the  descending  processes  of  the  rod- 
and  cone-bipolars  and  the  horizontal  cells  of  the  inner  nuclear  layer,  and  the 
ascending  dendrites  from  the  subjacent  large  ganglion-cells,  augmented  by 
the  processes  derived  from  the  amacrine  cells.  The  supporting  fibers  of 
Miiller  are  also  conspicuous  as  vertically  coursing  striie  within  this  stratum. 

The  Layer  of  Ganglion-cells. — This  layer,  as  indicated  by  the  name,  is 
characterized  by  the  large  nervous  elements  which  form  its  chief  constituent. 
The  conspicuous  ganglion-cells  are  disposed  as  a  closely-placed  single  row 
throughout  the  greater  part  of  the  retina :  toward  the  macular  region,  how- 
ever, they  become  more  numerous,  and  in  the  immediate  vicinity  of  the  yellow 
spot  are  arranged  as  a  double  layer,  increasing  in  number  within  that  area  until, 
at  the  margin  of  the  fovea,  they  are  superimposed  to  such  an  extent  that  they 
lie  from  six  to  eight  deep.  Toward  the  ora  serrata,  on  the  contrary,  they 
are  sparingly  distributed,  lying  isolated  and  widely  separated.  The  ganglion- 
cells  resemble  other  typical  nervous  elements  in  the  possession  of  richly 
branched  dendrites,  which  pass  into  the  inner  plexiform  layer  to  end  in 
arborizations  in  relation  with  the  descending  processes  of  the  bipolars,  and 
axis-cylinder  processes,  or  neurites,  which  become  the  axis-cylinders  of  the 
nerve-fibers  converging  toward  the  optic  entrance,  and  thence,  as  optic 
fibers,  brainward.  The  details  of  the  distribution  of  the  dendrites  within  the 
inner  plexiform  layer  have  supplied  a  basis  for  the  division  of  the  ganglion- 
cells  into  two  groups — those  which  terminate  in  liorizontal  ramifications 
limited  to  definite  strata,  and  those  which  terminate  in  diffuse  ramifications 
distributed  to  tlie  entire  layer.  Additional  distinctions,  depending  on  the 
size  of  the  cells,  as  large,  medium,  and  small,  are  also  recognized. 

The  Layer  of  Nerve-jihers. — This  is  largely  the  direct  contribution  of  the 
preceding  stratum,  since  the  nerve-fibers  composing  this  zone  are  the  extended 
neurites  of  the  ganglion-cells.  After  arising  from  the  ])residing  cells  the  fibers 
almost  at  once  assume  a  horizontal  course  and  form  larger  or  smaller  bundles, 
which,  after  traversing  a  distance  varying  with  the  position  of  their  origin,  con- 
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verge  to  the  optic  entrance  and  contri!)ute  to  the  formation  of  the  visnal 
nerve.  The  size  of  tiie  nerve-iibers  is  generally  small,  bnt  a  limited  number 
ot  very  large  libers  also  exist :  these,  it  is  supposed,  are  connected  with  gan- 
glion-cells of  exceptional  magnitude. 

In  addition  to  the  centrally  coursing  libers  the  presence  of  tine  periph- 
erally directed,  or  "centrifugal,"  nerve-fibers  has  been  established.  The 
central  connections  of  such  fibers  are  at  present  uncertain  ;  their  peripheral 
terminations  lie  within  the  inner  j)lexiforni  layer,  and  apparently  have  no 
discoverable  connection  with  the  cells  of  the  ganglion  layer. 

The  bundles  of  nerve-fibers,  while  pursuing  a  general  radial  course  to- 
ward the  optic  entrance,  freely  intermingle  and  form  a  reticulum.  The 
presence  of  the  macula  lutea  disturbs  the  strictly  radial  course  of  the  bundles 
on  the  temporal  side  of  the  optic  disk,  the  space  separating  the  latter  from 
the  yellow  spot  being  traversed  by  from  twenty-five  to  thirty  delicate  fasciculi 
which  possess  an  almost  straight  course  from 
the  macula  to  the  disk ;  these  fibers  collec- 
tively constitute  the  macular  bundle  described 
by  Michel.  The  bundles  adjacent  to  the  macu- 
lar group  suffer  deflection  from  the  typical  rad- 
ial course  and  arch  above  and  below  the  macu- 
lar area ;  beyond  the  yellow  spot  the  arching 
bundles  possess  the  typical  radial  arrangement. 

The  Sustentacular  Tissue. — The  sus- 
tentacular  tissue,  or  neuroglia,  of  the  retina 
exists  in  two  forms — as  the  conspicuous  rad- 
ial fibers  of  Muller  and  as  the  spider-cells 
(Fig.  41). 

The  fibers  of  Muller  constitute  a  sustaining 
framework  which  supports  the  nervous  elements 
as  well  as  the  neuro-epithelium,  coming  into  inti- 
mate relations  with  all  parts  of  the  retina.  The 
Miillerian  fibers  are  modified  neuroglia-cells, 
derived  originally  from  the  ectodermal  tissue 
of  the  wall  of  the  neural  tube,  which  extend 
through  almost  the  entire  thickness  of  the 
retina,  reaching  from  the  rods  and  cones,  be- 
tween which  they  contribute  delicate  septa,  to 
the  inner  surface  of  the  nervous  tunic,  where 
their  expanded  bases  unite  to  form  a  seem- 
ingly continuous  sheet,  the  memhrana  limitans 
interna.  The  fibers  are  slender  nucleated  col- 
umns which  contribute  lateral  offshoots  at 
various  levels  to  the  several  retinal  layers, 
among  the  elements  of  which  the  processes 
break  up  into  delicate  sustaining  fibrilke  and 
reticula.  The  broadest  expansion  aloug  the 
course  of  the  fibers  usually  occupies  the  inner 
nuclear  layer,  and  also  contains  the  oval  nucleus. 
At  a  level  corresponding  to  the  position  of 
the  inner  ends  of  the  rods  and  cones  the  sus- 
tentacular  fibers  come  into  ajijwsition  and 

form  an  apparent  fenestrated  ])artition,  the  memhrana.  limitans  externa,  from 
the  outer  surface  of  which  minute  septa  project  between  the  rods  and  cones, 
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41.— A  supporting  fiber  of 
Miiller  after  staining  by  (iolgi's  silver 
method  (Ramon  y  Cajal).  The  exten- 
sions of  a  single  fiber  are  shown  in 
relation  to  the  several  retinal  layers : 
1,  hiyer  of  nerve-fibers;  2,  ganfjlion- 
cells ;  3,  inner  plexiform  layer ;  4,  inner 
nuclear  layer ;  5,  outer  plexiform  layer ; 
(),  outer  nuclear  layer ;  I.  e.,  m.  I.  /..re- 
spectively, the  ex"ternal  and  internal 
limiting  membrane  :  b,  nucleus  of  fiber ; 
a,  process  extending  into  internal 
plexiform  layer. 
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probablv  acting  as  an  insulation  of  tlie  individual  percipient  elements.  A& 
already  noted,  the  inner  ends  of  the  libers  of  Midler  are  greatly  enlarged, 
the  base.^  of  the  conspicuous  pyramidal  or  conical  expansions  commg  mto 
close  contact  and  producing  the  appearance,  when  treated  with  silver  nitrate,, 
of  a  continuous  layer  of  endothelial  plates  ;  the  bundles  of  retinal  nerve- 
fibers  pass  between  the  diverging  fibers  to  continue  their  radial  course. 
Within  the  fiber  laver  additional  sustentacular  elements  exist  as  the  .sjnde?'- 
cc/l.s,  neurogliar  elements  whose  characteristic  api)earance  is  due  to  the  long, 
delicate  processes  which  extend  from  the  cell-body  between  the  nerve-fibers 
in  various  directions. 

The  Macula  I/Utea. — The  structure  of  the  retina  undergoes  important 
modifications  within  two  areas — at  the  macula  lutea  and  the  ora  serrata  (Fig. 
42).  On  approaching  the  macula  the  ganglion-cells  become  so  numerous  that 
a  single  hxyv.v  no  longer  suffices  for  their  accommodation,  and  consequently  they 
lie  two  deep  ;  within  the  macular  area  the  number  further  increases,  so  that  they 
constitute  a  stratum  which  includes  from  six  to  eight  rows  of  the  nervous  ele- 
ments. On  reaching  the  fovea  centralis,  however,  the  greatly  thickened  gan- 
glion-laver  rapidly  decreases  in  thickness  toward  the  center  of  the  depression, 
becoming  scattered  and  no  longer  sufficient  to  constitute  a  complete  stratum, 
until  at  the  bottom  of  the  pit  the  ganglion-cells  are  altogether  absent.  The 
fiber-layer  (;onsequently  suffers  a  corresponding  diminution,  and  disappears  as 
a  distinct  stratum  at  the  point  wdiere  the  ganglion-cells  end.  The  bipolar  cells 
continue  to  the  center  of  the  fovea  as  an  irregular  row  of  small  elements  sup- 
ported within  the  finely  reticular  tissue  which  represents  the  fused  outer  and 
inner  plexiform  layers,  and  fills  the  space  between  the  visual  cells  and  the 
inner  surface  of  the  retina. 

The  most  prominent  stratum  w^ithin  the  fovea  is  that  formed  by  the  visual 
cells,  here  composed  entirely  of  the  cone-cells,  which  present  a  depth  about 
three  times  tiiat  of  all  the  more  internally  placed  strata  combined.  The 
cones  gradually  lengthen  on  approaching  the  foveal  center  until,  over  the 
middle  of  the  depression,  they  measure  more  than  double  the  length  of  the 
corresponding  elements  at  the  margins  of  the  pit :  associated  with  the 
increased  length,  the  cones  become  greatly  attenuated,  appearing  as  long, 
delicate,  slender  fibers  of  which  the  outer  segment  contributes  by  far  the 
greater  part  (Fig.  42). 

The  external  limiting  membrane  exhibits  a  slight  inward  deflection  over 
the  area  included  within  the  outward  curve  of  the  inner  membrane  :  this 
outer  depression,  the  so-called /ovea  externa,  produces,  however,  but  slight 
dipping  inward  of  the  outer  surface  of  the  retina,  as  the  increased  length  of 
the  cones  in  a  measure  compensates  for  the  sinking  of  the  limiting  membrane. 
It  is  probable  that  the  position  of  the  external  fovea  corresponds  to  an  asso- 
ciated thickening  of  the  choroidal  tissue.  In  recapitulation,  therefore,  the 
layers  occu|)ying  the  center  of  the  fovea  are  the  cone  visual  cells,  constituting 
the  layer  of  cones  and  the  external  nuclear  layer  and  the  fused  outer  and 
inner  plexiform  strata,  with  the  included  bipolar  cells.  The  ganglion-cells 
and  their  derivative  nerve-fibers  are  absent  in  the  center  of  the  fovea. 

The  Ora  Serrata. — The  extreme  anterior  limit  of  the  visual  portion 
of  the  retina  is  distinguished  by  a  sudden  diminution  in  the  thickness  of  the 
nervous  tunic,  de})endent  upon  the  abrupt  termination  of  the  percipient 
elements,  as  well  as  those  layers  concerned  in  the  transmission  of  the  light 
stimuli  centrally,  the  layer  of  retinal  pigment  alone  retaining  its  identity  in 
the  further  extension  of  the  nervous  coat. 

The  characteristic  series  of  about  forty  well-marked  dentations  observed 
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in  tlic  adult  retina  are  closely  associated  with  tlie  accommodative  function, 
since  in  early  life,  before  accommodation  is  fully  exercised,  the  typical  ser- 
rated border  is  wanting-,  the  termination  of  the  visual  part  of  the  retinal 
sheet  being  marked  by  a  comparatively  smooth  line,  the  ''transition  border" 
of  Schon,  beset  with  numerous  minute  projections  which  afford  attachment 
to  certain  of  the  delicate  zonular  tibers. 

The  sudden  reduction  of  the  retina  depends  especially  upon  the  disap- 
pearance of  the  plexiform  strata,  the  layer  of  rods  and  cones,  however,  hav- 
ing previously  lost  its  integrity  as  a  distinct  zone.  The  inner  nuclear  layer 
is  continued  farthest,  at  the  anterior  limit  of  the  ora  passing  into  the  single 
layer  of  columnar  elements,  which,  in  conjunction  with  the  pigmented  cells, 
are  continued  over  the  ciliary  zone  and  processes  as  the  pars  ciliaris  retinae. 
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Fig. 42— Diagrammatic  soction  through  the  fovea  centralis  of  the  human  retina  (Golding-Bird  and 
Schafer) :  L',  ganglion-cell  layer;  1,  inner  nuclear  layer;  6,  outer  nuclear  layer,  the  cone-lilier.s  forming 
the  so-called  external  fibrous  layer  of  Henle;  7,  cones;  m.l.c,  external  limiting  membrane;  m.  Li.,  in- 
ternal limiting  membrane ;  o.g.',  i.  g.,  outer  and  inner  granules  (cone-nuclei  and  bipolars). 


The  radial  fibers  of  Miiller  are  especially  well  developed  in  the  vicinity  of 
the  ora  serrata,  being  of  large  size  and  numerous.  So  close  is  the  relation 
between  the  sustentacular  tissue  and  the  ora  that  it  has  been  suggested  that 
the  supporting  fibers  are  continued  beyond  the  limits  of  the  serrated  border 
and  become  connected  with  the  zonular  fibers. 

The  Optic  Entrance. — The  point  toward  which  the  centrally  directed 
axis-cylinders  of  the  fiber-layer  converge  to  escape  from  the  interior  of  the 
eyeball  and  to  form  the  optic  nerve  is  marked  by  a  light-colored  circulai 
area,  varying  from  1.5  to  1.7  mm.  in  diameter,  the  optic  enf ranee,  optic  di.^k, 
or  optic  p(ipi//a.  The  surface  of  the  yellowish-  or  bluish-white  disk  is  broken 
by  the  central  retinal  vessels  wliich  pierce  the  area  eccentrically,  lying  usually 
somewhat  nearer  the  nasal  side,  and  j)ass  over  the  margins  of  the  disk  to 
gain  the  surrounding  fiber-layer. 

On  examining  a  vertical  section  through  the  optic  entrance  (Fig.  43)  it 


78    EMBRYOLOGY,  ANATOMY,  AND  HISTOLOGY  OF  EYE. 

will  be  seen  that  the  thick  bundles  of  the  optic  fibers  which  arch  over  the 
margins  of  the  interrupted  retinal  and  clioroidal  layers  to  gain  the  disk  pro- 
duce a  sliglit  elevation,  the  paplUa  optici:  in  consequence  of  the  rapid  arching 
of  the  fibers  the  center  of  the  disk  is  lower  than  the  margin  ;  hence  the  pro- 
duction of  the  so-called  phi/.siological  excavation  (see  also  page  66).  The 
remaining  retinal  hivers  terminate  abrui)tly  in  the  vicinity  of  the  nerve- 
entrance,'  a  narrow  inaze  of  reticulated  inter  mediate  timue  separating  them 
from  the  arched  bundles  of  nerve-fibers.  The  ganglion-cells  are  the  first  to 
disappear,  wliile  tlic  visual  cells  continue  farthest  toward  the  nerve,  the  rod- 
and  cone-fibers  assuming  an  oblique  ])osition. 

Tlie  blood-veHseU  of  the  retina  first  a})pear  on  the  optic  disk  as  they 
emerge  from  the  bundles  of  nerve-fibers,  between  and  parallel  to  which  they 
run  from  the  point  at  which  tliey  obliquely  enter  the  optic  nerve  some  15  to 
20  mm.  beyond  the  eyeball.  The  retinal  vessels,  of  which  the  arteria  centralis 
retina  and  the  accompanving  vein  are  the  chief  trunks,  form  a  closed  system 
which  only  indirectly,  iii  the  vicinity  of  the  optic  entrance,  communicates 


Fig.  43.— Longitudinal  section  of  optic  entrance  of  human  eye  (Piersol) :  a,  a,  bundles  of  optic  fibers, 
which  spread  out  over  retina  nt«',  a':  b,  layers  of  retina;  c,  choroid;  rf,  sclera,  continued  across  optic 
nerve  as  the  lamina  cril)r()sa  ;  f,  g,  i.  respectively  the  pial,  arachnoid,  and  dural  sheaths  <if  optic  nerve, 
enclosing  subdural  and  subarachnoidal  lymph-spaces  ;  I,  I',  retinal  blood-vessels  cut  longitudinally. 

with  the  vessels  distributed  to  the  remaining  coats  of  the  eyeball.  On  attain- 
ing the  optic  disk  the  central  artery  divides  into  two  main  stems,  the;  .superior 
and  inferior  pupilkiri I  branches,  directed  almost  vertically  upward  and  down- 
ward. These  subdivide  into  smaller  branches,  the  superior  and  inferior  nasal 
and  temporal  arteries,  which  run  mesially  and  laterally  ;  additional  twigs  pass 
directly  outward  as  the  superior  and  inferior  macular  arteries  to  supply  the 
important  area  of  tlie  yellow  spot.  AA'iiile  the  greater  part  of  the  macular 
area  is  richly  supplied  with  blood-vessels,  the  fovea  centralis  is  without  them. 

On  examining  the  details  of  the  vascular  distribution  of  the  retina  it  is 
found  that  the  vessels  of  larger  size  are  contained  within  the  fiber-layer, 
dividing  into  branches  which  do  not  anastomose,  being  end-arteries."  The 
arterioles  break  up  into  rich  cajiillary  networks,  which  are  distributed  as  the 
inner  and  o*//ey  plexuses,  the  former  lying  at  the  junction  of  the  fiber-  and  the 
ganglion-layer,  wliile  the  latter  is  situated  within  the  inner  nuclear  zone,  being 
especially  destined  for  the  nutrition  of  the  functionally  active  bipolar  nerve- 
cells.  As  already  noted,  the  nutrition  of  the  percipient  elements,  the  visual 
cells,  is  mainly  maintained  by  the  dense  vascular  network  of  the  cliorio- 
capillaris  of  the  middle  tunic. 
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The  hpnphatici^  of  the  retina  are  re})resented  chiefly  by  the  perivascular 
lymph-channels  which  enclose  all  the  veins  and  capillary  blood-vessels,  and 
conununicatc  with  the  subpial  lyjnph-space  of  the  optic  nerve.  Between  the 
larger  nerve-bundles,  in  the  vicinity  of  the  optic  j)apilla,  the  interfascicular 
lymph-clefts  may  be  regarded  as  additional  lymphatic  channels.  The  fact 
that  injections  from  the  subpial  space  pass  between  the  pigment  layer  and  the 
rods  and  cones,  and  again  between  the  inner  surface  of  the  retina  and  the 
adjacent  hyaloid  membrane,  has  been  regarded  as  proof  of  the  existence  of 
lymph-spaces  in  these  situations. 

The  Optic  Nerve. — The  nerve  of  sight,  about  5  cm.  in  length,  is  divisible 
into  three  segments — the  iiitracraiiial,  the  intraorbita/,  and  the  intraocular. 
The  first  of  these,  the  intracranial,  extends  from  the  optic  commissure  to  the 
optic  foramen,  a  distance  of  about  1  cm.,  and  contains  the  extensions  of  the 
fibers  which  eventually  })ass  to  end  in  terminal  arborizations  associated  with 
the  nerve-cells  of  the  cerebral  centers  within  the  pulvinar  of  the  optic 
thalamus,  the  external  geniculate  bodies,  and  the  anterior  corpora  quadri- 
gemina.  The  cortical  areas  connected  with  sight  have  been  definitely  located 
within  the  occipital  lobe,  and  probably  include  the  cuneus.  The  intraorbital 
pt)rtion  of  the  nerve  ])resents  a  series  of  slight  curves  which  render  the 
nerve  sigmoid  rather  than  straight. 

Transverse  sections  of  the  optic  nerve  show  it  to  be  composed  of  a  large 
number,  about  eight  hundred,  of  distinct  bundles  of  medullated  fil)ers  sepa- 
rated from  one  another  l)y  connective-tissue  septa,  which  are  derived  as 
offshoots  from  the  pial  sheath  investing  the  nerve.  The  entire  number  of 
fibers  contained  within  the  optic  nerve  probably  approaches  a  million,  the 
measurable  fibers  having  been  estimated  at  about  half  that  number  by  Salzer. 
In  its  arrangement  and  composition  the  optic  nerve  resembles  a  gigantic 
funiculus,  the  endoneurium  being  in  the  present  instance  represented  by  the 
penetrating  pial  tissue,  while  the  sheath  itself  corresponds  to  the  perineurium. 
The  nerve-fibers  vary  in  diameter  from  a  delicacy  which  defies  measurement 
to  a  thickness  of  0.01  mm.  In  addition  to  the  connective-tissue  fibers  form- 
ing the  coarser  trabecula  and  septa,  the  sustentacular  tissue  proper  consists  of 
neuroglia  in  winch  numerous  spider-cells  are  prominent :  these  elements  are 
supplemented  by  the  deeply-staining  connective-tissue  cells  belonging  to  the 
fibrous  septa. 

The  intraorbital  portion  of  the  optic  nerve  is  invested  by  extensions  of 
the  brain-membranes  which  form  the  corresponding  dural,  arachnoidal,  and 
pial  sheaths.  The  general  character  of  these  envelopes  is  similar  to  that  of 
the  meninges,  the  tough  dural  sheath  lying  outside  and  the  pial  sheath  closely 
applied  to  the  nerve,  with  the  arachnoidal  sheath  between.  Between  the 
dural  and  arachnc^dal  envelopes  lies  the  subdur(d  lymph-s])ace  ;  between  the 
arachnoidal  and  the  pial  sheaths,  the  subarachnoidal  space.  On  reaching  the 
fibrous  tunic  of  the  eyeball  all  these  sheaths,  together  with  the  included 
spaces,  terminate  by  blending  with  the  fibro-elastic  stroma  of  the  sclera,  the 
lymph-spaces  extending  sometimes  for  a  short  distance  between  the  fibrous 
bundles  of  the  outer  tunic. 

The  external  limit  of  the  intraocular  segment  of  the  optic  nerve  is  dis- 
tinguished by  the  position  at  which  the  nerve-fibers  acquire  a  medullary 
sheath  on  emerging  from  the  sclerotic  tissue  which  they  traverse.  The 
scleral  bundles  separate  to  allow  the  passage  of  the  groups  of  optic  fibers, 
and  interlace  with  one  another  to  form  a  sieve-like  structure,  the  lamina 
cribrosa  (Fig.  43).  The  bridging  fibers  are  contributed  particularly  by 
the  inner  third  of  the  scleral  coat,  but  are  supported  by  additional  bundles 
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of  fibrous  tissue  derived  from  the  connective-tissue  septa  of  the  optic 
nerve. 

The  Crystalline  I,ens.— Tlie  most  ini]K)rtant  part  of  the  retractive 
apparatus  of  the  eye  consists  of  a  transparent  lenticuhir  body,  tlie  cri/dal/ine 
Iciix,  of  circular  outline  and  biconvex  section,  Avhich  su])ports  the  pupdlary 
margin  of  the  iris  in  front  and  rests  within  a  depression,  the  pafel/ar  fosm,  on 
the  anterior  surface  of  the  vitreous  body  behind  ;  laterally,  the  lens  is  con- 
nected with  the  supporting  fibers  which  collectively  form  the  suspensory  liga- 
ment, or  zone  of  Zinn.  The  lens  substance  consists  of  a  soft,  compressible 
material  of  such  transparency  during  youth  as  to  possess  no  color ;  later,  with 
the  advent  of  senile  changes,  it  assumes  a  yellowish  tint  and  slight  opalescence, 
which  first  atfects  the  central  portion  of  the  lens  and  gradually  extends  toward 
the  peripliery.  Early  in  life  the  lens  substance  is  of  the  same  consistency 
throughout  ;  gradually,  however,  the  central  portion  becomes  harder,  until 
in  advanced  age  considerable  ditlerence  in  condensation  distinguishes  the 
"  nucleus  "  from  the  cortical  layers.  The  lens  being  non-vascular,  its  nutri- 
tion is  maintained  entirely  by  the  intercellular  transmission  of  nutritive 
Huids:  the  differentiation  of  the  central  and  peripheral  portions  is  due  to 
the  loss  of  water  of  the  favorably  situated  central  portion  of  the  lens.  The 
hardening  which  thus  gradually  takes  ])lace  results  in  loss  of  elasticity  of  the 
lens  substance,  which  change  is  manifested  in  the  defective  accommodation 
which  characterizes  the  eyes  of  persons  after  middle  life.  Owing  to  the 
increased  density  of  the  nucleus,  the  central  portion  of  the  lens  of  advanced 
years  reflects  more  light,  and  the  pupil  consequently  lacks  the  jet  black  of 
young  eyes  and  appears  slightly  dimmed. 

The  soft  lens  substance  is  enclosed  within  a  delicate  elastic  but  strong 
membrane,  the  lens  cajmde :  the  latter  is  resistant  to  reagents,  such  as  alco- 
hol and  acids,  as  well  as  to  putrefactive  changes.  While  ])ossessed  of 
considerable  strength,  it  is  brittle  and  readily  torn  by  sharp  instruments ; 
when  incised  its  cut  edges  roll  in  a  characteristic  manner,  with  the  outer 
surface  inward.  When  viewed  in  section  that  portion  of  the  enveloping 
membrane  covering  the  front  surface  of  the  lens  is  seen  to  be  distinctly 
thicker  than  the  corresponding  part  behind  :  these  differences  have  given  rise 
to  the  designation  of  these  portions  of  the  membrane  as  the  anterior  and  jws- 
terior  capsule,  altiiougli  both  are  but  parts  of  the  same  general  envelope. 

Invested  by  its  capsule,  the  lens  measures  from  9-10  mm.  in  its  trans- 
verse diameter,  being  larger  in  old  and  large  subjects  ;  its  average  thickness 
is  about  4  mm.,  but  this  dimension  necessarily  varies  with  the  condition  of 
accommodation,  being  somewhat  greater  when  the  eye  is  fixed  on  near  objects 
and  less  when  accommodated  for  distance.  The  radius  of  curvature  of  the 
surfaces  also  varies  under  such  changing  conditions,  that  of  the  anterior  sur- 
face, however,  manifesting  greater  change  under  the  extremes  of  accommoda- 
tion than  that  of  the  posterior  ;  thus,  while  the  radii  of  the  anterior  surface 
for  distant  and  near  vision  are  respectively  10  and  (3  mm.,  those  of  the  pos- 
terior surface  for  the  same  conditions  are  respectively  6  and  5  mm.  Tliese 
figures  establish  the  fact  that  the  curvature  of  the  anterior  surface  of  the 
lens  is  much  more  affected  in  accommodation  than  that  of  the  posterior, 
which  remains  almost  unchanged.  (See  also  page  135.)  The  length  of 
a  meridian  of  the  lens  measures  about  12  mm.  The  average  weight  of 
the  lens  is  about  0.22  gm.,  and  the  specific  gravity  1121.  The  anterior 
pole  of  the  lens  lies  about  2. .3  mm.  behind  the  cornea  under  passive  con- 
ditions of  accommodation  ;  its  posterior  pole,  about  15.5  mm.,  in  front  of  the 
macula  lutea.    Critical  examination  has  demonstrated  a  slight  outward  devi- 
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ation,  of  from  three  to  seven  degrees,  of  the  antero-]K)steri()r  lens-axis  from 
that  of  the  eye  ;  an  additional,  but  smaller,  vertical  deviation  has  also  been 
noted. 

1  he  structure  of  the  crystalline  lens  can  best  be  appreciated  after  recall- 
ing what  has  already  been  stated  in  connection  with  its  mode  of  formation. 
The  lens  develops  by  the  elongation  and  modification  of  the  original  ecto- 
dermic  epithelial  cells,  which  become  converted  into  the  lens-fibers,  those 
constituting  the  posterior  wall  of  the  primary  lens-sac  at  first  composing 
the  entire  lens  substance.  Subsequently  additional  layers  of  lens-fibers  are 
produced  by  the  elongation  and  specializa- 
tion of  the  cells  constituting  the  anterior 
wall  of  the  lens-sac,  which  later  are  known 
as  the  cpithdium  of  tlie  aitterior  capsule. 
The  region  in  which  the  transformation 
of  the  epithelial  cells  into  lens-fibers  takes 
place  corresponds  to  the  equatorial  area, 
and  is  known  as  tlie  fransitional  zone ; 
throughout  the  entire  period  of  growth 
this  region  exhibits  the  conversion  of  the 
columnar  epithelial  elements  of  the  anterior 
capsule  into  the  elongated  meridionally 
arranged  lens-fibers.  The  lens  substance, 
therefore,  is  composed  of  modified  epi- 
thelial tissue. 

The  capsule  of  the  lens  is  of  entirely 
different  origin,  since  its  development  is 
due  to  mesodermic  tissues,  and  is  distinct 
from  that  of  the  lens  substance. 

The  capsule  of  the  lens  envelops  the 
lens  substance  on  all  sides  witli  a  delicate, 
highly  elastic  membrane,  which,  in  addi- 
tion to  supporting  the  soft  material  con- 
stituting the  bulk  of  the  lens,  affords 
attachment  for  the  fibers  of  the  suspensory 
ligament.  The  capsule  varies  in  tliick- 
ness,  being  most  r()l)ust  in  the  central  area 
of  its  anterior  surface,  where  it  measures  from  0.010  to  0.015  mm.  in  thickness, 
and  thinner  at  the  peri]ihery  ;  its  most  attenuated  part  is  the  central  area  of 
its  posterior  ])ortion,  where  it  measures  from  0.005  to  0.007  mm.  The  capsule 
does  not  exliibit  any  details  of  structure,  and  in  chemical  composition  and 
reactions  differs  from  both  fibrous  and  elastic  tissue. 

The  epithelium  of  the  lens-capsule  lies  beneath  the  anterior  capsule  alone, 
consisting  of  a  single  layer  of  polyhedral  flattened  cells,  about  0.020  mm.  in 
diameter.  These  elements  morphologically  represent  the  anterior  wall  of  the 
original  lens-sac.  On  approaching  the  margin  of  the  lens  the  cells  of  the 
anterior  capsule  become  more  elongated,  until  finally,  in  the  transition  zone, 
the  epithelial  elements  become  converted  into  the  young  lens-fibers.  As  a 
result  of  these  changes  being  confined  to  a  limited  area,  the  nuclear  zone, 
a  peculiar  spiral  figure,  is  produced  by  the  elongating  cells  and  their  nuclei, 
to  wdiich  tlie  term  lens-ivhorl  has  been  applied. 

The  substance  of  the  lens,  constituting  its  entire  bulk,  is  composed  of 
layers  of  elongated  and  modified  epithelial  cells,  the  lens-fibers,  united  by  an 
extremely  thin  layer  of  cement  substance.    The  individual  lens-fibers,  as 
6 


Fig.  44.— Meridional  section  througli 
human  crystalline  lens  (Bubuchin) :  A, 
anterior,  B,  posterior  surface ;  C,  C,  equa- 
torial region;  1,1',  anterior  and  posterior 
capsule ;  2,  epithelium  beneatli  anterior 
lens-capsule ;  3,  lens  substance  composed 
of  fibers  ;  4,  transition  zone  where  cells  of 
anterior  epithelium  are  converted  into  lens- 
fibers  ;  5,  nucleus. 
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seen  after  isolation  by  boiling,  maceration  in  dilnte  acids,  and  other  methods, 
are  long,  ribbon-like'fibers  which,  on  transverse  view,  present  a  compressed 
hexagonal  outline.  The  lens-tibcrs  vary  in  length,  those  forming  the  outer 
layers  of  the  lens  being  distinctly  longcr  than  those  found  within  the  nucleus  : 
tli'o  former  extend  about  two-thirds  of  the  meridional  distance  from  pole  to 
j)ol(',  while  the  latter  correspond  to  the  length  of  the  lens-axis.  Additional 
differences  in  the  breadth  and  thickness  exist  between  the  fibers  from  the 
perii)hery  and  central  layers,  the  dimensions  of  the  more  superficially  situated 
fibers  being  the  greater.  The  fibers  also  exliibit  variations  in  consistency, 
depending  upon  the  relatively  greater  amount  of  tissue-juices  in  the  cortical 
layers. 

The  lines  of  ai)])osition  of  the  meridionally  arranged  lens-fibers,  joined 
by  the  cement  substance,  produce  definite  figures  of  a  stellate  form,  the  so- 
called  lens-stars,  which  are  especially  well  marked  in  the  young  or  in  the 
cortical  portion  of  tlie  older  lens.    (See  })age  23.) 

The  growth  of  the  lens  after  its  j)rimary  development  is  due  entirely  to 
the  addition  of  layers  of  new  lens-fibers  derived  exclusively  from  the  cells 
of  the  anterior  epithelium,  the  transformation  being  limited  to  the  equatorial 
zone.  There  is  no  evidence  of  the  direct  multiplication  of  the  lens-fibers 
themselves,  since  these  elements  represent  cells  which  have  become  specialized 
beyond  the  limits  of  reproduction. 

The  Vitreous  Body. — The  extensive  space  bounded  l)y  the  crystalline 
lens  and  its  suspensory  ligament  in  front,  and  by  the  retina  behind,  is  filled 
by  the  vitreous  body  or  humor  vitreus.  The  fresh  vitreous  body  appears  as 
a  semi-fluid  mass,  perfectly  transparent,  whose  general  form  resembles  a 
flattened  sphere,  the  anterior  pole  of  which  is  further  modified  by  the  pres- 
ence of  the  patellar  fossa  for  the  reception  of  the  posterior  surface  of  the 
crystalline  lens.  The  function  of  the  vitreous  is  to  support  the  nervous 
tunic,  rather  than  to  act  as  a  refractive  medium,  since  its  index  of  refraction 
(1.336)  is  almost  identical  with  that  of  the  aqueous  humor,  and  but  slightly 
in  excess  of  that  of  water. 

When  the  fresh  vitreous  is  thrown  upon  a  filter,  by  far  the  greater  part 
of  the  tissue  passes  through  as  a  watery  fluid,  a  very  slight  pr<)|)ortiou  of  the 
entire  structure  remaining  as  morphological  constituents  :  this  observation 
estal)lishes  the  fact  that  the  vitreous  body  anatomically  consists  of  two  por- 
tions, the  supj)orting  framework  and  the  fluid  tissue.  Chemically,  the  vitreous 
consists  of  about  98.5  ])er  cent,  water,  the  remaining  small  proportion  of  the 
wliole,  composed  of  solids,  includes  salts,  extractives,  and  minute  quantities 
of  proteids  and  nucleo-albumiu. 

The  semi-fluid,  gelatinous  vitreous  substance  ])roper  is  enclosed  within  a 
delicate  envelope,  the  hyaloid  membrane,  from  whicli  a  delicate  supporting 
reticulum  extends  throughout  the  mass  of  the  vitreous  body.  Without  con- 
sidering in  detail  the  conflicting  views  as  to  the  structure  of  the  vitreous 
body  which  from  time  to  time  have  been  advanced,  it  mav  be  regarded  as 
established  that  the  vitreous  substance  re])resents  an  embryonal  form  of  con- 
nective tissue  modified  by  an  unusual  infiltration  of  water,  so  that  its  original 
condition  as  a  connective  tissue  becomes  masked. 

The  true  nature  of  the  tissue  in  question  can  only  be  determined  by  ex- 
amination of  the  fetal  vitreous  l)efore  the  infiltration  of  the  watery  constit- 
uents has  taken  place.  The  young  tissue  presents  a  delicate  reticulation 
of  connective-tissue  elements,  the  interlacing  tibrillse  forming  a  delicate 
meshwork  containing  numerous  nucleated  areas.  With  the  advance  of 
development  the  connective-tissue  elements  of  the  vitreous  tissue  become 
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less  and  less  conspicuous,  until  the  adult  tissue  contains  only  suggestions  of 
the  stellate  cells  which  at  one  time  were  prominent  morphological  elements. 
In  suitably  prepared  specimens  a  deli(!ate  supporting  frameAVork  composed 
of  exceedingly  fine  fibrilla)  can  be  demonstrated  in  all  ])arts  of  the  vitreous  : 
at  the  peripheral  i)arts  of  the  vitreous  local  condensations  exist  which 
in  places,  as  within  the  patellar  fossa,  suffice  to  form  the  external  limiting 
envelope.  Membranous  septa,  concentrically  or  otherwise  disposed,  as 
described  by  various  authors,  must  be  regarded  as  artificial  products  if  at 
all  present. 

The  cellular  elements  of  the  adult  vitreous  (Fig.  45)  are  very  meager,  and 
consist  in  a  few  sparingly  distributed  atrophic  connective-tissue  cells;  in 
addition  to  these  elements,  which  belong  to  the  vitreous  tissue,  migratory 
leukocytes,  or  ivandering  cells,  also  occur,  especially  immediately  beneath  the 
hyaloid  membrane,  where  they  all  constitute  the  subhyaloid  cells.  These 
cells  are  derived  probably  froni  the  blood-vessels  in  the  vicinity  of  the  optic 
entrance  and  the  ora  serrata. 

The  central  portion  of  the  vitreous  is  penetrated  by  a  channel,  the  hyaloid 
canal,  canal  oj  Stilling,  canal  of  Cloquet,  or  central  canal,  which  extends 


Fig.  45.— Morphological  elements  found  within  the  vitreous  body  (Schwalhe) :  a,  g,  d,  cells  without  vac- 
uoles ;  h,  c,  e,f,  g,  vacuolated  forms. 

from  the  optic  entrance  toward  the  lens  as  far  as  the  patellar  fossa :  this  canal 
surrounds  the  atrophic  remains  of  the  fetal  hyaloid  vessels,  which  traversed 
the  vitreous  and  supplied  the  vascular  lens  envelope.  The  channel  begins  as 
a  slight  enlargement,  the  area  3Iartegiani,  of  a  diameter  equal  to  that  of  the 
optic  disk,  and  ends  in  the  neighborhood  of  the  posterior  lens  surface  in  a 
blind,  not  infrequently  somewhat  dilated,  extremity. 

The  hyaloid  membrane  encloses  the  greater  part  of  the  vitreous  body  as  a 
transparent  envelope  of  great  delicacy  which  closely  adheres  to  the  retina. 
In  eves  which  have  been  kept  for  several  days  in  dilute  alcohol  the  hyaloid 
membrane  can  be  demonstrated  on  the  vitreous  body,  since  in  such  specimens 
it  can  be  separated  from  the  retina  without  mutilation.  The  hyaloid  mem- 
brane is  wanting  over  that  part  of  the  vitreous  body  which  surrounds  the 
patellar  fossa  :  within  this  depression  the  peripheral  condensation  of  the  sup- 
porting tissue  of  the  vitreous  body  alone  constitutes  the  limiting  envelope  of 
the  soft  gelatinous  tissue  within. 

The  Suspensory  Apparatus  of  the  I/ens. — The  position  of  the  crys- 
talline lens  is  maintained  by  means  of  a  series  of  delicate  bands,  which  pass 
from  the  vicinity  of  the  ora  serrata  over  the  ciliary  processes  to  be  attached 
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to  the  periphery  of  the  lens.  These  fibers  collectively  constitute  the  susj-yen- 
sory  ligament,  or  zone  of  Zinn,  a  structure  of  great  importance  not  only  for 
the  support  of  the  lens,  but  also  in  effecting-  the  changes  in  the  curvature  of 

the  lens  surface  associated  with  accommoda- 
tion (Figs.  46  and  47). 

A^iewed  from  the  posterior  surface,  the 
suspensory  ligament  appears  as  a  delicate 
annular  structure,  about  6  ram.  in  width, 
wliicli  bk'uds  witii  tlic  peripliery  of  the  lens 
on  the  one  hand,  and  with  the  hyaloid  mem- 
brane in  tlie  vicinity  of  the  ora  serrata  on  the 
other.  When  examined  under  low  magnifi- 
cation in  meridional  sections  of  the  ciliary 
region  the  suspensory  ligament  is  seen  to  be 
not  a  continuous  membrane,  but  an  interla- 
cing series  of  delicate  fibers  Avhich  bridge  at 
various  angles  the  space  between  the  lens  and 
the  ciliary  processes. 

The  older  view,  whereby  the  zone  of 
Zinn  was  regarded  as  a  direct  continuation 
of  the  inner  leaflet  of  the  hyaloid  membrane,  formed  by  means  of  the 
cleavage  which  was  supposed  to  take  place  in  the  vicinity  of  the  ora 
serrata,  has  been  now  generally  displaced  by  the  newer  teachings  founded 
upon  the  more  accurate  studies  of  the  developmental  relations  of  tlie  parts  in 
question  :  according  to  these  observations  tlie  hyaloid  membrane  does  not 
undergo  cleavage,  but  continues  closely  apjilied  to  the  ciliary  l)ody,  over 
which  its  attenuated  extension  stretches  as  far  as  the  ]n'ocesses  before  fading 
away.  The  suspensory  fibers  constituting  the  zone  of  Zinn  originate  as  inde- 
pendent structures,  and  genetically  are  closely  related  to  the  primitive  vitreous 
body.  Subsequently  the  zonular  fibers  become  closely  attached  to  the  ora 
serrata  as  well  as  the  hyaloid  membrane,  and  seemingly  take  partial  origin 
from  these  structures  (Fig.  47). 

The  zonular  fibers  of  the  adult  may  be  divided  into  chief  and  accessory. 
The  chief  zonular  fibers,  which  constitute  the  principal  union  between  the 
lens  and  the  surrounding  ciliary  body,  may  be  subdivitkMl  into  orbiculo- 
capmlar  and  cilio-capmlar  according  to  the  position  of  their  attachment  to 
the  ciliary  body,  whether  to  the  orbiculus  ciliaris  or  tlie  ciliary  processes. 
When  traced  to  their  attachment  to  the  lens  the  fibers  are  found  to  vary  in 
the  position  of  their  insertion  into  the  capsule,  some  being  fused  in  advance, 
others  behind  the  lens  periphery  :  these  variations  of  attjichment  affect  es- 
pecially the  orbicular  group  of  zonular  fibers,  and  hence  their  classification 
into  the  orbicuh-antero-capsiilar  and  the  orhicnlo-poHtero-capsuhtr  fibers, 
which  pass  from  the  ciliary  ring  to  the  anterior  and  posterior  surfaces  of  the 
lens-capsule  respectively.  The  fibers  springing  from  the  summits  and  sides 
of  the  ciliary  processes  join  the  lens-capsule  either  on  the  posterior  surface  or 
at  the  periphery,  and  are  hence  designated  the  ciHo-postero-capsular  or  the 
cilio-equatorial  fibers. 

The  accessory  fibers  are  important  additions  to  the  strength  of  the  sus- 
pensory ligament,  since  they  comjH'ise  numerous  shorter  bands  which  act  as 
braces  and  binders  to  the  longer  chief  trabeculae.  The  accessory  fibers  are 
principally  of  two  kinds — those  which  pass  from  the  ciliary  processes  to  the 
long  zonular  fibres,  and  those  which  extend  from  point  to  point  within  the 
ciliary  zone.    The  first  group  includes  numerous  short  bands  which  unite  the 


Fiii.  16.— Diairramniatic  view,  from 
posterior  siu  ftu'o,  of  the  insertion  of  tlie 
zone  of  Zinn  into  the  capsule  of  the 
lens  (Testut) :  1,  posterior  lens  surface  ; 
2,  its  equator ;  3.  zonula  ;  4,  5,  tlie  anterior 
and  posterior  bands,  inserted  into  the 
correspondinsr  surfaci's  of  the  lens-cap- 
sule; 6,  the  interfascicular  spaces,  for- 
merly regarded  as  the  canal  of  Petit. 
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orbiciilo-capsular  fibers  with  the  cilia rv  processes  and  ciliary  ring;  the  second 
comprises  especially  the  bands  which  ha\  c  the  fixation  of  tlie  ciliary  processes 
as  their  especial  purpose,  and  constitute  two  principal  groups — the  orhiculo- 
ciliarij  an(l  the  intmdliary  fibers. 

The  zone  of  Zinn,  or  the  suspensory  ligament,  is  evidently  not  a  contin- 
uous membrane,  but  a  series  of  interlacing  bands  between  which  numerous 
apertures  and  clefts  occur.  The  insertion  of  the  zonular  fibers  into  the  lens 
is  so  regular  and  the  fibers  bound  together  so  intimately  that  it  is  possible  to 
inject  air  between  the  constituents  of  the  zone,  so  that  the  lens  is  surrounded 


Fig.  47.— Meridional  section  through  ciliary  region,  inelnding  part  of  the  lens  (Fuehs):  C,  cornea; 
pe,r)c,  pigmented  and  non-pigmented  cells  of  the  pars  ciliaris  retinje;  L,  lens;  M,  ciliary  muscle;  r,  its 
racuating,  Mn,  its  circular  fibers;  c«,  anterior  ciliary  artery;  s,  canal  of  Schlemm;  z,  origin  of  ciliary 
muscle;  c,/,  anterior  .surface  of  iris;  break  at  cr;  sp,  sphincter  pupillse;  p,  edge  of  pupil;  P,  ciliary 
process;/*,  pigment  lining  iris,  partly  separated  at  v ;  o,  blood-vessel ;  z,  zone  of  Zinn;  Si.Si,  fibers  of 
suspensory  ligament,  enclosing  spaces  i,  i;  k,  lens-capsule. 

by  an  annular  series  of  beaded  dilatations.  This  appearance  was  long  ac- 
cepted as  demon.strating  the  existence  of  a  delicate  channel,  the  c<in(d  of 
Petit,  encircling  the  periphery  of  the  lens.  With  the  more  accurate  under- 
standing of  the  composition  of  the  supporting  apparatus  of  the  lens  the  exist- 
ence of  the  canal  of  Petit  has  become  doubtful,  and  in  the  former  sense  of  a 
closed  annular  channel  altogether  denied  by  most  authorities.  The  inter- 
communicating spaces  between  the  zonular  fibers  establishes  a  passageway  for 
fluids  from  the  posterior  chamber  into  the  vitreous  chamber. 

The  Aqueous  Humor. — The  aqueous  humor,  the  transparent  lymph 
derived  from  the  blood-vessels  surrounding  the  spaces  in  which  it  is  con- 
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tallied,  fills  both  the  anterior  and  })osterior  chamber,  as  well  as  the  extensions 
of  the  latter  represented  by  the  intrazonnlar  spaces. 

The  prodnction  of  the  aqneoiis  humor  takes  place  in  the  posterior  cham- 
ber, and  is  effected  chiefly  by  the  blood-vessels  of  the  ciliary  processes,  and 
possiblvalso  by  those  of  the  vascular  ridges  which  extend  to  the  posterior 
surface  of  the  iris.  The  recesses  between  the  ciliary  processes  have  been 
regarded  by  some  as  representing  special  secreting  tissue,  the  so-called  "  ciliary 
glands,"  but  there  is  little  evidence  to  sustain  the  view  that  in  the  secretion 
of  the  aqueous  humor  the  entire  ciliary  processes  do  not  take  part. 

The  quantity  of  aqueous  humor  usually  i)resent  is  about  275  cub.  mm.,  its 
weight  about  0.275  gni.,  and  its  specific  gravity  1.0053.  Its  index  of  refrac- 
tion is  1.337,  but  slightly  in  excess  of  that  of  water  (1.334),  and  nearly  that 
of  the  cornea  (1.360) :  compared  Avith  the  refracting  index  of  the  vitreous 
(1.336),  it  is  found  to  be  almost  identical.  The  quantity  of  aqueous  humor 
present  is  an  important  factor  in  determining  the  intraocular  tension,  and 
hence  the  maintenance  of  the  free  escape  of  the  lymph,  as  ]n'ovided  for  in  the 
spaces  of  Fontana  and  the  canal  of  Schlemm,  is  of  great  importance.  I"  it^j 
chemical  composition  the  aqueous  humor  consists  chiefly  of  water  :  in  addition 
to  the  98.6  parts  of  this  constituent,  small  quantities  of  solids,  extractives, 
and  proteids  are  present.  The  aqueous  humor  possesses  the  property  of 
absorbing  certain  organic  substances  with  which  it  comes  in  contact,  such  as 
blood  and  the  lens  substance ;  it  also  possesses  solvent  properties  to  an  extra- 
ordinary degree  for  many  drugs.  With  the  exception  of  a  few  migratory 
leukocvtes,  the  aqueous  humor  is  without  morphological  elements. 

The  Blood-vessels  of  the  Kyeball. — The  terminal  arrangement  and 
distribution  of  the  blood-vessels  of  the  various  parts  of  the  eye  have  already 
been  described  in  connection  with  the  consideration  of  the  various  structures : 
a  brief  description  of  the  general  arrangement  of  the  vessels  supplying  the 
visual  organ  is  here  added. 

All  the  arteries  supplying  the  eyeball  are  derived  from  the  ophthalmic 
artery  as  two  sets  of  branches,  the  retinal  and  the  ciliary.  These  form  two 
separate  systems,  which  communicate  only  in  the  vicinity  of  the  optic  en- 
trance by  means  of  minute  anastomotic  twigs. 

The  retinal  system  is  based  upon  the  distribution  of  the  central  artery  of 
the  retina,  a  small  branch  which  arises  from  the  ophthalmic  close  to  the  optic 
foramen,  usually  in  common  with  the  internal  ciliary,  seldom  as  an  inde- 
pendent trunk.  On  gaining  the  interior  of  the  eyeball  the  central  stem 
divides  into  the  retinal  arteries,  and  during  the  fetal  stages  continues  forward 
to  the  posterior  lens  surface  as  the  hyaloid  artery,  a  vessel  which  later  dis- 
appears. 

The  ciliary  system  supplies  the  remaining  parts  of  the  eyeball,  and  con- 
sists of  two  sets  of  vessels,  the  posterior  and  anterior  ciliary  arteries.  The 
posterior  arise  by  two  chief  trunks,  an  inner  and  an  outer,  Avhich  are  given 
off  from  the  ophthalmic  artery  while  it  lies  below  the  optic  nerve.  These 
stems  each  divide  into  from  four  to  ten  branches,  which  surround  the  optic 
nerve,  and  on  reaching  the  eyeball  pierce  the  sclerotic  coat  in  the  vicinitv  of 
the  point  of  entrance  of  the  nerve.  The  posterior  ciliary  arteries  then  form 
two  groups — the  short,  which  pass  at  once  to  the  choroidal  tract  to  take  part 
in  forming  the  rich  vascular  network  of  the  middle  tunic ;  and  the  long, 
which  pass  forward,  one  on  each  side  of  the  eye,  between  the  sclera  and 
choroid,  to  the  ciliary  region,  where,  after  giving  direct  branches  to  the  ciliary 
muscle,  they  join  the  anterior  ciliary  arteries  to  form  the  vascular  plexuses 
from  which  the  adjacent  parts  are  supplied. 
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The  anfcrmr  cilictri/  (oierics,  usually  from  six  to  eight  in  number,  are 
derived  from  the  muscular  and  lachrymiil  branches  of  the  ophthalmic  ;  in  the 
vicinity  of  the  corneal  margin  they  penetrate  the  scleral  coat,  and  hnally  join 
the  long  posterior  ciliary  vessels  to  form  the  circiilm  arteriosus  irkUs  major. 
Before  passing  through  the  sclerotic  these  arteries  give  off  anterior  and  pos- 
terior branches  which  supply  the  conjunctiva  and  anterior  parts  of  the  fibrous 
tunic.  After  piercing  the  sclera  twigs  are  given  off  which  pass  to  the  ciliary 
muscle,  as  well  as  others  which  as  recurrent  branches,  together  with  similar 
branches  from  the  long  posterior  ciliary  arteries,  anastomose  with  the  choroidal 
vessels  derived  from  the  short  ciliary  trunks.  An  important  anastomotic 
communication  is  thus  established  betAveen  the  blood-vessels  supplying  the 
choroid  proper  and  those  distributed  to  the  ciliary  region. 

The  branches  of  the  long  posterior  and  the  anterior  ciliary  arteries  inos- 
culate within  the  ciliary  region  to  form  in  the  vicinity  of  the  root  of  the  iris 
an  arterial  circuit,  the  circu/us  arteriosus  iridis  major,  from  wiiich  vessels  are 
given  off  to  the  ciliary  processes  and  the  iris,  as  well  as  recurrent  anastomotic 
twigs  to  the  choroid. 

The  venous  trunks  draining  the  eyeball  in  general  correspond  in  their 
arrangement  to  that  of  the  arteries,  the  chief  grou])s  being  the  retinat,  posterior, 
and  anterior  ci/iarj/  veins.  The  retinal  veins  receive  the  blood  from  the 
closed  retinal  system  and  follow  closely  the  corresponding  arteries.  The 
posterior  ciliary  veins,  or,  more  familiarly,  the  vence  vorticosce,  collect  the 
blood  from  the  iris,  the  ciliary  processes,  part  of  the  ciliary  muscle,  the 
orbiculus  ciliaris,  and  the  choroid,  and  pierce  the  sclerotic  coat  within  the 
equatorial  region  as  four  large  trunks,  which  converge  at  points  about  equi- 
distant from  one  another;  after  penetrating  the  fibrous  tunic  they  additionally 
receive  the  episcleral  veins.  The  anterior  ciliary  veins  drain  a  much  more 
limited  area  than  that  supplied  by  the  corresponding  arteries,  since  within 
the  eyeball  they  receive  only  the  blood  returned  from  the  ciliary  muscle, 
taking  up  the  small  radicles  communicating  with  Schlemm's  canal :  after 
emerjjino;  from  the  sclerotic  coat  the  anterior  ciliary  veins  receive  as  tributa- 
ries  the  episcleral  and  the  anterior  conjunctival  vessels. 

The  iymphatics  of  the  Byeball. — The  lymph-channels  of  the  eye- 
ball comprise  two  systems,  the  anterior  and  the  posterior. 

The  anterior  Jymph-tract  embraces  (1)  the  chambers  occupied  by  the  most 
important  intraocular  collection  of  lymph,  the  aqueous  humor,  together  with 
the  system  of  spaces  by  which  this  fluid  is  normally  carried  off,  as  re))resented 
by  the  spaces  of  Fontana  and  canal  of  Schlemm ;  and  (2)  the  elaborate  system 
of  juice-channels  within  the  cornea  and  adjacent  part  of  the  sclera.  The 
posterior  lymph-tract  includes  two  separate  systems,  that  of  the  choroid  and 
of  the  retina.  The  lymphatic  fluid  of  the  choroid  is  collected  within  the 
perichoroidal  lymph-space,  between  the  choroid  and  the  sclera,  from  which 
cleft  the  lymph  escapes  chiefly  into  the  space  of  Tenon,  or  episcleral  lymj)h- 
space,  by  means  of  the  perivascular  lymphatic  canals  accomj^anying  the  venre 
vorticosse  :  additional  perivascular  channels  may  also  exist  in  connection  with 
the  posterior  ciliary  arteries.  The  accumulated  lym])h  witiiin  the  s])ace  of 
Tenon  finds  its  way  into  the  large  intracranial  lym]>h-spaces,  probably  by 
means  of  the  supravaginal  space  which  surrounds  the  exterior  of  the  optic 
nerve.  The  retinal  system  of  ]ym])hatics  is  represented  by  the  ])erivascular 
lymph-sheaths  surroiniding  the  retinal  vessels,  as  ^\('ll  as  l)y  the  hyaloid 
canal  witliin  the  vitreous.  These  channels  communicate  witii  the  lymph- 
clefts  within  the  optic  nerve,  which  are  connected  with  the  great  intracranial 
Ivmph-spaces  by  means  of  the  subarachnoidal  spaces  of  the  optic  nerve. 
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Introduction. — The  visual  apparatus  in  its  entirety  constitutes  a 
mechanism  the  excitation  of  whicli  gives  rise  (1)  to  the  sensation  of  light  and 
its  ditferent  qualities — colors  ;  (2)  to  the  perception  of  light  and  color  under 
the  form  of  pictures  of  external  objects ;  (3)  to  the  production  of  muscular 
sensations  by  which  we  judge  of  the  size,  distance,  and  direction  of  objects. 
The  specific  physiological  stimulus  to  the  terminal  api)aratus  of  the  optic 
nerve  is  the  impact  of  the  undulations  of  a  perfectly  elastic  medium,  the 
ether.  The  transfer  of  the  energy  of  the  ether-vibrations  into  that  form  of 
energy  known  as  a  nerve-impulse  takes  place  in  the  pigment  of  the  neuro- 
epithelial layer  of  the  retina.  The  nerve-impulses  so  generated  are  trans- 
mitted by  the  fibers  of  the  optic  nerve  to  the  cells  of  the  cerebral  cortex,  in 
which  some  molecular  process  takes  place  out  of  which  the  mind  forms  the 
sensations  of  light  and  color.  In  general,  it  may  be  said  that,  at  least  for 
the  same  color,  the  intensity  of  the  objective  vibrations  determines  the  inten- 
sity of  the  sensations. 

The  optic  nerve,  obeying  the  same  general  laws  of  nerve-stimulation, 
reacts  also  to  the  electric  current  and  to  mechanical  agencies,  as  shown  by 
flaslies  of  light  with  varying  shades  of  color. 

Tile  formation  of  images  on  the  percipient  elements  of  the  retina,  which 
by  their  forms  and  associated  colors  give  rise  to  the  perception  of  objects,  is 
made  possible  by  the  introduction  of  a  complex  refracting  apparatus  consist- 
iug  of  the  cornea,  aqueous  humor,  crystalline  lens,  and  vitreous  humor. 
Without  those  agencies  ether-vibrations  would  only  give  rise  to  a  sensation 
of  diffused  luminosity.  The  movements  of  the  eyeball  occasioned  by  the 
contractions  of  the  ocular  muscles  are  attended  by  muscular  sensations,  out 
of  which  the  mind  draws  its  conclusions  as  to  the  size,  distance,  and  direction 
of  objects. 

The  Bye  a  I/iving  Camera. — In  its  (sonstruction,  in  the  arrangement 
of  its  various  parts,  and  in  their  mode  of  action  the  eye  mav  be  com- 
pared to  a  camera  obseura.  Though  the  comparison  may  not  be  absolutely 
exact,  yet  in  a  general  way  it  is  true  that  there  are  many  striking  points  of 
similarity  between  them — e.g.  the  sclera  and  choroid  may  be  compared  to 
the  walls  of  the  camera ;  the  combined  refractive  media  to  the  single  lens,  the 
action  of  which  results  in  the  focussing  of  the  light-rays  ;  the  retina  to  the  sen- 
sitive plate  receiving  the  image  formed  at  the  focal  point ;  the  iris  to  the 
diaphragm  for  the  regulation  of  the  amount  of  light  to  be  admitted,  and  for 
the  partial  exchision  of  those  marginal  rays  which  give  rise  to  spherical  aber- 
ration ;  the  ciliary  muscle  to  the  adjusting  screw,  by  means  of  which  the 
image  is  brought  to  a  focus  on  the  sensitive  plate,  notwithstanding  the  varying 
distances  of  the  object  from  the  lens.    The  presence  of  the  visual  purple  in 
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the  rods  of  tlie  retina  capable  of  being  altered  by  light  makes  the  comparison 
still  more  striking. 

The  Retinal  Image. — The  existence  of  an  image  on  the  retina  can  be 
readily  seen  in  the  excised  eye  of  an  albino  rabbit,  the  coats  of  which  are 
quite  transparent  from  the  absence  of  pigment.  Its  presence  in  the  human 
eye  can  be  demonstrated  with  the  ophthalmoscope.  It  is  this  image,  com- 
posed of  focal  points  of  luminous  rays,  which  is  the  basis  of  our  sight- 
perceptions,  and  which  stimulates  the  rods  and  cones,  and  out  of  which  the 
mind  constructs  space-relations  of  external  objects.  In  only  two  essential 
respects  does  the  image  on  the  retina  differ  from  the  object,  aside  from  the 
fact  that  the  object  has  usually  three,  the  image  only  two,  dimensions — viz. 
in  size  and  relative  arrangement  of  its  parts.  Whatever  the  distance,  the 
image  is  generally  smaller  than  the  object :  it  is  also  reversed,  the  upper 
part  of  the  object  becoming  the  lower  part  of  the  image,  and  the  right  side 
of  the  object  the  left  of  the  image,  and  the  reverse. 

The  Dioptric  Apparatus.— The  media  by  which  rays  of  light  entering 
the  eye  are  refracted  and  brought  to  a  focus  with  the  production  of  an  image 
consist  of  the  cornea,  aqueous  humor,  lens,  and  vitreous  body.  As  the  two 
surfaces  of  the  cornea  are  practically  parallel,  and  as  the  index  of  refraction 
of  the  aqueous  humor  is  the  same  as  that  of  the  cornea,  they  may  be  regarded 
as  but  one  medium.  The  refracting  surfaces  may  therefore  be  reduced  to 
the  anterior  surface  of  the  cornea,  the  anterior  surface  of  the  leiis,  and  the 
posterior  surface  of  the  lens. 

Rays  of  light  emanating  from  one  point — that  is,  homocentric  rays — 
entering  the  eye  must  traverse  successively  the  different  refractive  media. 
In  their  passage  from  one  to  the  other  they  undergo  at  their  surfaces  changes 
in  direction  before  they  are  converged  to  a  focal  point.  In  order  to  mathe- 
matically follow  the  rays  in  all  their  deviations  through  the  media,  to 
determine  their  focal  point,  and  to  construct  the  image,  a  knowledge  of  the 
form  of  the  refracting  surfaces,  the  refractive  index  of  the  different  media, 
and  the  distance  of  the  surfaces  from  each  other,  must  be  obtained. 

The  following  constants  are  now  accepted  :  The  radii  of  curvature  of 
that  portion  of  each  refracting  surface  used  for  distinct  vision  are  for  the 
cornea  7.829  mm.,  for  the  anterior  and  posterior  surfaces  of  the  lens  10  and 
6  mm.,  respectively.  The  indices  of  refraction  of  the  different  media  are  as 
follows:  cornea  and  aqueous  humor,  1.3365;  lens,  1.4371;  vitreous  body, 
1.3365.  The  distance  from  the  vertex  of  the  cornea  to  the  lens  is  3.6  mm.  ; 
the  thickness  of  the  lens,  3.6  mm. ;  the  distance  from  the  posterior  sui-face  of 
the  lens  to  the  retina,  15  mm. 

Homocentric  rays  of  light  entering  the  eye  pass  from  air  with  a  refractive 
index  of  1.00025  into  the  cornea  with  an  index  of  1.3365.  In  passing 
from  the  rarer  into  the  denser  medium  they  undergo  refraction  and  are 
rendered  somewhat  convergent.  The  extent  of  this  first  refraction  and  con- 
vergence is  sufficiently  great  to  bring  parallel  rays,  if  continued,  to  a  focus 
about  10  mm.  behind  the  situation  of  the  retina.  On  entering  the  lens  they 
are  for  the  same  reason  again  refracted  and  converged,  and  if  continued 
would  come  to  a  focus  about  6.5  mm.  behind  the  retina.  On  passing  into  the 
vitreous  body  they  are  again  converged  to  an  extent  sufficient  to  focalize 
them  on  the  retina  (Fig.  48). 

While  it  is  possible  thus  to  geometrically  follow  the  rays  through  these 
media  by  means  of  the  above-mentioned  factors,  the  procedure  is  attended 
with  manv  difficulties.  Moreover,  as  the  relations  all  change  when  rays 
enter  the  eye  from  objects  situated  progressively  nearer  the  eye,  a  separate 
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calculation  is  necessitated  for  each  distance  for  the  determination  of  the  size 

of  the  image.  ,  , 

A  method  bv  which  these  ditticulties  are  much  reduced  was  suggested  by 
Gauss  and  developed  by  Listing.  It  was  demonstrated  by  Gauss  that  in 
every  complicated  svstem  of  refracting  media  separated  by  spherical  centered 
surfaces  there  maybe  assumed  certain  /(/ra/ or  cwW///«/ po/nf.s,  to  which  the 
svstem  mav  be  reduced,  and  which,  if  their  relative  position  and  properties 
be  known/ permit  of  the  determination,  either  by  calculation  or  geometrical 
construction,  of  the  path  of  the  refracted  ray,  and  the  i)osition  and  size  of 
the  image  in  the  last  medium  of  the  object  in  the  first. 

Everv  dioi)tric  system  can  be  replaced,  as  Gauss  sliowed,  by  a  single 
system  composed  of  *  six  cardinal  points  and  six  planes  perpendicular  to  the 


Fig.  48.— Refraction  of  homocentric  rays  and  the  formation  of  images  on  the  retina. 


common  axis — e.g.  two  focal  points,  two  principal  points,  two  nodal  points, 
two  focal  ]>lanes,  two  principal  planes,  and  two  nodal  planes. 

Properties  of  the  Cardinal  Points.' — The  first  focal  iwint,  in 
Fig.  49,  has  the  property  that  every  ray  which  before  refraction  passes  through 
it  after  refraction  is  parallel  to  the  axis. 

The  second  focal  point,  F.^,  has  tlie  property  that  every  ray  which  before 
refraction  is  parallel  to  the  axis  passes  after  I'efraction  through  it. 

The  second  principal  point,  H.^,  is  the  image  of  the  first,  ;  that  is,  rays  in 
the  first  medium  which  go  through  the  first  principal  point  pass  after  the  last 
refraction  tlirough  the  second.  Planes  at  right  angles  to  the  axis  at  these 
paints  are  principal  planes.  The  second  princi])nl  plane  is  the  image  of  the 
first.  Every  point  in  the  first  principal  plane  has  its  image  after  refraction 
at  a  corresponding  point  in  the  second  principal  plane  at  the  same  distance 
from  the  axis  and  on  the  same  side. 

Tile  second  nodal  point,  iVg,  is  the  image  of  the  first,  :  a  ray  which  in 
the  first  medium  is  directed  to  the  first  nodnl  ]-»oint  passes  after  refraction 
through  the  second  nodal  point,  and  tiie  directions  of  the  rays  before  and 
after  refraction  are  parallel  to  each  other.  In  Fig.  49  let  A  B  represent  the 
axis.  The  distance  of  the  first  focal  point,  F^,  from  the  first  principal  plane, 
H^,  is  the  anterior  foccd  distance.  The  distance  of  the  posterior  focal  point, 
F.^,  from  the  second  princi])al  plane,  H^,  is  the  posterior  focal  distance.  The 
distance  of  the  first  nodal  ]ioint,  .Y,,  from  the  first  focal  point  is  equal  to  the 
second  focal  distance.  The  distance  of  the  second  nodal  point,  N.^,  from 
the  posterior  focal  point  is  equal  to  the  anterior  focal  distance.  It  is  evi- 
*  For  additional  consideration  of  this  subject  see  pages  109  and  125. 
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dent,  therefore,  that  the  distance  of  the  correspoiuHno-  j)rin(!ipal  and  nodal 
points  from  eacli  other  is  equal  to  the  differences  between  the  two  focal  dis- 
tances. Also  the  distance  of  the  two  principal  })oints  from  each  other  is 
equal  to  the  distance  of  the  two  nodal  points  from  each  otiier.    Finally,  the 


JL  If, 

Fu;.  4'.).— Diagram  showing  the  position  and  rehition  of  tlic  cardinal  points. 


focal  distances  are  proportional  to  the  refractive  indices  of  the  first  and  last 
media.  Planes  passing  through  the  focal  points  vertically  to  the  axis  are 
known  as  jocal  planes. 

From  these  properties  of  the  cardinal  points  the  position  of  an  image  in 


Fig.  50.— Diagram  to  find  the  image  in  last  medium  of  a  luminous  point  in  the  first. 


the  last  medium  of  a  luminous  point  in  the  first  may  be  determined,  and  the 
course  of  a  refracted  ray  in  the  last  medium  be  constructed  if  its  direction 
in  the  first  be  given  according  to  the  following  rules : 

1.  To  find  the  image  in  the  hist  medium  of  a  himinous  point  in  the  first: 
Let  A  (Fig.  50)  be  this  given  point.  Draw  A  B  parallel  to  the  axis  until  it  meets  the 
second  principal  plane  in  B;  then  B  will  be  this  ray  after  refraction.  Draw  a  second 
ray  from  A  to  the  first  nodal  point;  then  draw  another  ray,  D  E,  from  the  second  nodal 
point  parallel  to  ^  This  will  be  the  refracted  ray  in  the  last  medium.  Where  the 
two  refracted  rays,  BF^,  and  D  E,  intersect,  the  image  of  A  will  be  =  Jj.* 


c 

-^^'^  ri 

Fig.  51.— Diagram  to  find  the  refracted  ray  in  the  last  medium  of  a  given  ray  in  the  first  medium. 


2.  To  find  the  refracted  ray  in  the  last  medium  of  a  given  ray  in  the  first  medium : 
Let  A  B  (Fig.  51)  be  the  given  ray.    Continue  this  ray  until  it  meets  the  first  prin- 

*  If  the  i)oint  A  is  infinitely  far  from  the  eye,  all  the  rays  striking  the  eye  will  be  parallel 
to  each  other.  The  nodal  ray  mu.st  therefore  be  drawn,  and  the  point  where  this  nodal  ray 
meets  the  second  focal  plane  will  be  the  image  of  =  /!„  where  all  rays  parallel  to  the  nodal 
ray  will  meet. 
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cipal  plane  in  C.  Draw  CD  parallel  to  the  axis.  Now  assume  any  point,  such  as  E, 
in  the  given  ray,  and  find  its  image  E,  by  the  Rule  1.    Then  D  E,  becomes  the  course 


of  the  refracted  rav 


The  Schematic  Bye.— Accepting  the  system  of  cardinal  points,  List- 
ing, Donders,  and  V.  Helniholtz  have  constructed  "schematic"  eyes  to  be 
sul)stituted  for  tlie  refracting  system  of  the  natural  eye. 

For  this  purpose  it  is  necessary  to  deduce  from  the  various  estimates  of 
the  indices  of  refraction  of  the  different  media,  of  the  radii  of  curvatures 
of  the  different  refractive  surftices,  and  of  the  distances  separating  them  an 
average  eye  as  a  basis  for  calculation.  The  most  recent  attempt  is  that  of 
V.  Helmholtz.  The  data  he  assumed  are  as  follows  :  The  refractive  index 
of  air  =  1  ;  of  the  cornea  and  aqueous  humor,  1.3365  ;  of  the  lens,  1.4371  ; 
of  the  vitreous  humor,  1.3365;  the  radius  of  curvature  of  the  cornea,  7.829 
mm. ;  of  the  anterior  surface  of  the  lens,  10  mm. ;  of  the  posterior  surface, 
6  mm. ;  the  distance  from  the  apex  of  the  cornea  to  the  anterior  surface  of  the 


Fig.  52.— Diagram  showing  the  position  of  the  cardinal  points  in  the  "schematic  eye."  The  con- 
tinuons  lines  in  the  upper  half  of  the  figure  show  their  position  in  the  passive  emmetropic  eye.  The 
dotted  lines  indicate  the  change  in  their  position  in  an  eye  accommodated  for  the  object  A  at  tlie  distance 
a  from  tiie  cornea,  or  152  mm.  Tlu;  lower  half  of  the  figure  sliows  the  formation  of  a  distinct  image  on 
the  retina  of  an  eye  accommodated  for  the  object  A  at  the  distance  a  from  the  cornea. 


lens,  3.6  mm. ;  thickness  of  lens,  3.6  mm.  From  these  data  v.  Helmholtz 
calculated  the  position  of  the  cardinal  points  for  the  eye  as  follows  (see 
Fig.  52):  The  first  focal  point  is  situated  13.745  mm.  before  the  anterior 
surface  of  the  cornea;  the  posterior  focal  point  is  situated  15.619  mm. 
behind  the  posterior  surface  of  the  lens;  the  first  ])rincipal  point,  1.753  mm. 
behind  the  cornea;  the  .second  princii^al  point,  2.106  mm.  behind  the  cornea; 
the  first  and  second  nodal  points,  6.968  and  7.321  mm.  behind  the  apex  of  the 
cornea,  respectively.  The  anterior  focal  distance  of  this  schematic  eve  there- 
fore amounts  to  15.498  mm.,  and  the  posterior  focal  distance  to  20.713  mm. 

When  the  eye,  however,  is  accommodated  for  near  vision,  the  relations  of 
the  cardinal  points  are  changed  as  follows,  if  the  point  accommodated  for 
lies  152  mm.  from  the  cornea  :  Anterior  focal  distance,  13.990  mm.  ;  posterior 
focal  distance,  18.689  mm. ;  distance  from  cornea  of  the  first  and  second 
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principal  points,  1.858  and  2.257  mm.  respectively  ;  distance  of  the  posterior 
focus,  20.955  mm.  from  cornea.  Given  this  schematic  eye  in  tlie  accommo- 
dated state,  the  course  of  the  rays  and  the  determination  of  the  position  of 
an  image  in  the  last  medium  of  a  luminous  point  in  the  first  can  easily  be 
determined  by  the  rules  above  given. 

The  Reduced  ^ye. — As  suggested  by  liisting,  this  schematic  eye  may 
be  yet  further  simplified  or  reduced  to  a  single  refracting  surface  bounded 
anteriorly  by  air  and  posteri(n-ly  by  aqueous  or  vitreous  humor.  Without 
introducing  any  noticeable  error  in  the  determination  of  the  size  of  the  retinal 
image,  the  anterior  principal  and  the  anterior  nodal  points  may  be  disregarded, 
owing  to  the  minuteness  of  the  distances  (0.39  mm.)  separating  the  two  sys- 
tems of  points.  There  is  thus  obtained  one  principal  point  and  one  nodal 
point,  which  latter  becomes  the  center  of  curvature  of  the  single  refracting 
surface.    The  dimensions  of  this  "  reduced"  eye  are  as  follows  (see  Fig.  53) : 


Fig.  53.  — Diagram  showing  the  position  of  the  cardinal  points  in  the  "  reduced  eye."  The  continuous 
lines  in  the  upper  half  of  the  figure  show  their  position  in  the  passive  eye.  The  dotted  lines  refer  to 
their  change  of  position  when  the  eye  is  accommodated  for  the  near  object,  .1.  The  lower  half  of  the 
figure  shows  the  formation  of  an_  image  in  the  reduced  eye  and  the  relation  between  the  size  of  the 
object  and  the  size  of  the  image.' 


From  the  anterior  surface  of  the  cornea  to  the  principal  point,  2.106  mm.  ; 
to  the  nodal  point,  7.321  mm.  The  anterior  focal  distance  is  15.498  mm. ; 
the  posterior  focal  distance,  20.713.  There  is  thus  substituted  for  the  nat- 
ural eye  a  single  refracting  surface  having  a  radius  of  curvature  of  5.215 
mm.  The  index  of  refraction  of  this  eye  is  1.3365,  which  is  that  of  the 
vitreous  humor.  In  such  an  eye  luminous  rays  emanating  from  the  anterior 
focal  point  are  parallel  to  the  axis  after  refraction  in  the  interior  of  the  eye. 
Also  rays  parallel  to  the  axis  before  refraction  unite  at  the  posterior  focal 
point.  By  means  of  this  reduced  eye  the  construction  of  the  refracted  ray, 
the  various  calculations  as  to  the  size  of  the  image,  the  size  of  diffusion  cir- 
cles, etc., are  much  facilitated. 

In  Fig.  54  let  A  B  represent  an  object.  From  A  homocentric  rays  fall  on  the  sin- 
gle refracting  surface  H.  One  of  the  rays,  the  nodal  ray,  falling  on  the  surface  per- 
pendicularly, passes  unrefracted  through  the  single  nodal  point,  N,  to  the  posterior  focal 
nlane.  The  remaining  rays,  falling  on  this  surface  under  varying  degrees  of  incidence, 
iindergo  corresponding  degrees  of  refraction,  by  which  they  form  a  converging  cone  of 
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rays  which  unite  at  a  point  situated  on  the  nodal  ray.  These  two  points  are  known 
as  conjugate  foci.  The  same  holds  true  for  homocentric  rays  emanating  from  b  or  any 
other  point  of  the  object.  ,    ,      ,     i      ^\      ■  e 

Tlic  size  of  the  retinal  image,  /,  niav  now  be  easily  calculated,  when  the  size  ot 
the  object,  0,  and  its  distance,  D,  Ironi  the  refracting  surface  with  radius  of  curvature, 
R,  are  known,  by  the  following  formula  : 

O :  I  =  D  +  R :  F.,  -  R. 
For,  as  the  triangle.s  A  N  B  and  a  N  b  are  equal,  we  have 

AB:ab  =  /N:Ng,orab  =  ^1^?^^. 


Fig.  54.— Diagram  to  illustrate  formation  of  images  in  reduced  eye. 

Accommodation/ — In  a  normal  or  emmetropic  eye  homocentric  parallel 
rays  of  light  after  passing  throngh  the  optic  media  are  converged  and  brought 
to  a  focus  on  the  retina.  Rays,  however,  which  come  from  a  luminous  ])oint 
situated  near  the  eye,  and  wiiich  are  therefore  divergent  and  passing  tiirough 
the  optic  media  at  the  same  time,  are  intercepted  by  the  retina  before  they  are 
focussed,  and  give  rise  to  the  formation  of  diffusion-circles  and  indistinctness 
of  vision.  The  reverse  is  also  true.  When  the  eye  is  adjusted  for  the  refrac- 
tion and  focussing  of  divergent  rays,  parallel  rays  will  be  brought  to  a  focus 
before  reaching  the  retina,  and,  again  diverging,  will  form  diffusion-circles. 
It  is  evident,  therefore,  that  it  is  impossible  to  simultaneously  focus  both 
parallel  and  divergent  rays,  and  to  see  two  objects  distinctly  at  the  same 
time  which  are  situated  at  different  distances.  The  eye  must  be  alternately 
adjusted  first  to  one  object  and  then  to  another.  The  capability  which  the 
eye  possesses  of  adjusting  itself  to  vision  at  different  distances  is  termed 
accommodation. 

The  following  table  of  Listing  shows  the  size  of  the  diffusion-circles 
formed  of  objects  situated  at  different  distances  when  the  accommodative 
power  is  suspended  : 

Distance  of  the  focal 
point  liehind  the  posterior 
surface  of  thv  retina. 

0. 

0.005 
0.012 
0.025 
0.050 
0.100 
0.20 


Distance  of  luminous  point. 


Diameter  of  the  diflFusion-circle. 


00 

65 
25 
12 

6 

3 

1..500 
0.750 
0.375 
0.188 
0.094 
0.088 


ni. 

1  ( 


mm. 


0.40 
0.80 
1.60 
3.20 
3.42 


0. 

0.0011 
0.0027 
0.0056 
0.0112 
0.0222 
0.0443 
0.0825 
0.1616 
0.3122 
0.5768 
0.6484 


mm. 


'  For  additional  consideration  of  this  subject  consult  page  134  and  page  155. 
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The  iiorinal  eye  when  adjusted  for  distant  vision  is  in  a  passive  condition 
and  unattended  with  fatigue.  In  the  act  of'adjustment,  however,  for  near  vision 
the  eye  passes  into  an  active  state,  the  result  of  a  muscular  eH'oit,  tiie  energy 
of  which  is  proportional  to  the  nearness  of  the  object  toward  which  the  eye  is 
directed.  From  the  above  table  it  is  evident  that  rays  of  light  coming  from 
nitinity  or  from  any  object  even  but  6  m.  distant  are  so  nearly  parallel  and 
the  diffusion  circles  so  very  small  that  the  indistinctness  of  the  image  is 
scarcely  perceived,  and  heuce  no  perceptible  accommodative  effort  is  required. 
Rays  coming  from  objects  situated  progressively  nearer  the  eye  require  for 
their  focalization  a  constantly  increasing  effort  of  accommodation.  During 
acconnnodation  the  lens  undergoes  a  change  of  shape,  becoming  more  convex, 
especially  on  its  anterior  surface.  The  greater  the  degrees  of  divergence  of 
tiie  rays  the  greater  must  be  the  increase  in  lens  convexity,  in  order  tliat  they 
may  be  sufiHciently  converged  and  focalized  on  the  retinal  surface.  Ciianges 
in  the  curvatures  of  the  lens,  either  of  increase  or  decrease,  are  attended  with 
corresponding  changes  in  the  distinctness  of  the  image. 

Mechanism  of  Accommodation. — Though  it  is  generally  admitted  that 
the  increase  in  the  convexity  of  the  lens  is  caused  by  the  contraction  of  the 
ciliary  muscle  and  the  subsequent  relaxation  of  the  suspensory  ligament,  the 
exact  manner  in  whicli  this  is  brought  aV)out  is  not  well  understood.  When 
the  eye  is  ni  repose  and  adjusted  for  distant  vision  the  lens  is  somewhat  flat- 
tened from  the  traction  of  the  suspensory  ligament.  When  the  eye  requires 
adjustment  for  near  vision  the  ciliary  muscle  contracts,  the  suspensory  liga- 
ment relaxes,  and  the  lens,  in  consequence  of  its  inherent  elasticity,  bulges 
forward  and  becomes  more  convex.  Its  antero-posterior  diameter  is  thus 
increased  and  its  refractive  power  is  proportionally  greater. 

It  is  generally  admitted  that  during  accommodation  the  meridional  fibers 
of  the  ciliary  muscle  draw  forward  the  ciliary  processes  and  relax  the  liga- 
ment. At  the  same  time  the  outer  border  of  the  iris  is  drawn  somewhat 
backward.  In  extreme  efforts  of  accommodation  it  is  also  believed  by  some 
observers  that  the  circular  fibers,  the  so-called  "annular  muscle,"  contract 
and  exert  a  pressure  on  the  periphery  of  the  lens,  and  thus  aid  other  mechan- 
isms in  increasing  the  convexity.  This  view  appears  to  be  supported  by  the 
fact  that  in  hypero])ia,  where  there  is  a  constant  effort  required  for  distinct 
vision  even  of  distant  objects,  the  annular  muscle  becomes  very  much  hyper- 
trophied,  thus  serving  to  reinforce  the  action  of  the  meridional  fibers.  In 
myopia,  on  the  contrary,  where  the  accommodative  effort  is  at  a  minimum, 
the  entire  muscle  possesses  less  than  its  average  size  and  development  (com- 
pare with  page  135). 

Optical  Defects.^ — From  a  ])urely  physical  point  of  view  the  eye  is  not 
a  perfect  instrument.  It  is  not  (piite  achromatic,  is  not  free  from  s])herical 
aberration,  and  is  not  exactly  centered.  Moreover,  its  area  of  distinct  vision 
is  quite  limited,  and  does  not  correspond  with  the  field  of  projection,  the 
retina.  In  first-class  optical  instruments  the  lenses  are  centered — that  is, 
their  exact  centers  are  situated  on  the  same  axis.  In  viewing  an  object 
through  such  a  system  the  visual  line  corresponds  with  the  axis  of  the  lens- 
system.    This  is  not  the  case  with  tlic  lens-system  of  the  eye. 

A  line  passing  through  the  center  of  the  cornea  and  the  center  of  the  eye, 
the  02^tic  axis  0  A  in  Fig.  55,  does  not  pass  exactly  through  the  center  of  the 
lens,  and  does  not  fall  into  the  point  of  most  distinct  vision,  the  fovea.  This 

'  For  a  full  consideration  of  the  optical  defects  of  the  eye,  see  sections  devoted  to  Optics  and 
Refraction. 
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has  led  to  the  recognition  of  other  lines,  the  relations  of  which  must  be  borne 
in  mind  in  all  optical  discussions. 

1.  The  vimal  axis,  or  line  of  vision  V  L,  is  the  line  connecting  the  point 
viewed,  the  nodal  point,  and  the  fovea  centralis. 

2.  The  /ine  of  fixation,  or  line  of  rcc/drd  V  (\  is  the  line  connecting  the  point 
viewed  with  the  center  of  rotation,  the  latter  being  situated  6  mm.  behind  the 
nodal  "  point  of  the  eye  and  9  before  the  retina.  The  relations  of  these  lines 
and  certain  angles  in  connection  with  them  are  shown  in  the  following  figure  : 


Fig.  55.— Diagram  showing  the  corneal  axis  DD,  the  optic  axis  0  A,  the  visual  axis  VL,  and  the  line  of 

fixation  V  C ;  also  the  three  angles  a,  /3,  y, 

The  angle  included  between  the  line  D  D  (the  major  axis  of  the  corneal 
ellipse)  and  the  visual  line  is  the  angle  alpha,  amounting,  on  the  average,  to 
about  5°.  The  angle  included  between  the  optic  axis  and  the  line  of  regard 
is  known  as  the  angle  gamma,  while  the  angle  between  the  optic  axis  and  the 
line  of  vision  is  known  as  the  angle  beta  (see  also  page  129). 

Functions  of  the  Iris. — The  iris,  in  virtue  of  the  capability  it  pos- 
sesses of  alternately  enlarging  and  diminishing  the  size  of  its  central  opening, 
the  pupil,  forms  in  several  respects  an  important  corrective  apparatus  of  the 
eye.  It  serves  as  a  diaphragm  by  which  the  rays  of  light  which  would  other- 
wise pass  through  the  margin  of  the  lens  are  cut  off,  so  that  spherical  aberra- 
tion is  in  a  great  measure  overcome.  It  also  serves,  through  the  contrac- 
tion of  its  muscular  fibers,  to  form  a  fixed  point  of  support  for  the  ciliary 
muscle  during  the  period  of  active  accommodation.  Owing  to  the  fact  that 
the  circular  fibers  of  the  iris  alternately  contract  and  relax  with  increasing 
and  decreasing  intensities  of  light,  it  serves  to  regulate  the  amount  of  light 
entering  the  eye  necessary  for  distinct  vision.  In  the  absence  of  light  the 
sphincter  pupillce  relaxes  and  the  puj)il  enlarges.  As  the  light  increases  in 
intensity  the  muscle  contracts  and  the  pupil  becomes  smaller.  The  contrac- 
tion of  the  sphincter  muscle  is  with  a  given  intensity  of  light  greater  when 
the  light  falls  directly  into  the  fovea.  Contraction  of  this  muscle  also  occurs 
as  an  associated  movement  in  the  act  of  convergence  of  the  optic  axes  in 
accommodative  eflPorts  and  in  consensus  with  the  other  eye. 

The  movements  of  the  iris  by  which  the  size  of  the  pupil  is  determined 
from  moment  to  moment  are  caused  by  the  contractions  of  the  sphincter 
pupillce  and  dilatator  pupillce  muscles.  The  contraction  of  the  sphincter  is 
entirely  reflex  and  involves  for  its  action  the  parts  necessary  to  the  perform- 
ance of  any  reflex  act — viz.  a  sentient  surface,  the  retina ;  an  afferent  nerve, 
the  optic ;  a  central  center  situated  in  the  gray  matter  of  the  aqueduct  of 
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Sylvius  ;  and  an  eflPorent  nerve,  the  motor  oculi.  The  stimulus  requisite  for 
the  calling  forth  of  a  contraction  is  the  impact  of  ctlicr-vibrations  on  the  ends 
of  the  rods  and  cones.  According  to  the  intensity  of  the  light  or  ether-vibra- 
tions will  be  the  energy  of  the  contraction.  The  contraction  of  the  dilatator 
pupillcB  is  determined  by  the  activity  of  a  continuously  active  nerve-center 
situated  in  the  medulla  oblongata,  which  transmits  its  regulative  .nerve- 
impulses  to  the  iris  tlirough  fibers  in  the  sympathetic. 

The  exact  course  of  these  fibers,  however,  in  man  is  not  satisfactorily 
determined.  From  their  origin  they  pass  successively  through  the  cervical 
cord,  the  anterior  roots  of  the  first  and  second  dorsal  nerves,  the  upper 
thoracic  ganglion,  the  cervical  sympathetic,  the  upper  cervical  ganglion 
through  fibers  to  the  ophthalmic  division  of  the  fifth  nerve,  the  nasal  nerve, 
and  long  ciliary  nerve  to  the  iris. 

As  to  the  action  of  the  two  sets  of  muscles,  they  appear  to  bear  an  antago- 
nistic relation  to  each  other,  for  section  of  the  motor  oculi  is  followed  by 
relaxation  of  the  circular  fibers  and  dilatation  of  the  pupil.  Stimulation  of 
the  sympathetic  in  the  neck  is  followed  by  a  much  larger  dilatation  of  the 
pupil.  The  normal  physiological  stimulus  to  the  dilator  center  is  probably 
dyspneic  blood,  though  it  is  excited  by  muscular  activity  and  stimulation  of 
various  sensory  nerves. 

Functions  of  the  Retina. — Of  all  the  layers  of  the  retina,  the  rods 
and  cones  appear  to  be  the  most  essential  to  vision.  It  is  only  this  layer 
which  is  capable  of  receiving  the  light-stimulus  and  of  transforming  it  into 
some  specific  form  of  energy,  which  in  turn  arouses  in  the  fibers  of  the  optic 
nerve  the  characteristic  nerve-impulses.  The  nerve-fibers  themselves  are 
insensible  to  the  impact  of  the  ether-vibrations,  and  require  for  their  excita- 
tion some  intermediate  form  of  energy.  That  this  is  the  case  was  shown  by 
Donders,  who  reflected  a  beam  of  light  on  the  optic  nerve  at  its  entrance 
without  the  individual  experiencing  any  sensation  of  light.  This  region, 
occupied  only  by  the  optic-nerve  fibers  and  devoid  of  any  special  retinal 
elementvS,  is  therefi)re  an  insensitive  or  blind  spot.  The  diameter  of  this 
spot  is  about  1.5  mm.,  and  occupies  in  the  field  of  vision  a  space  of  about 
6°.  It  is  situated  about  3.5  mm.  to  the  nasal  side  of  the  visual  axis.  Its 
existence  can  be  demonstrated  by  the  familiar  experiment  of  Mariotte — e.  g. 
if  the  right  eye  be  directed  to  the  cross  in  the  following  figure  (56)  and  the 


Fig.  56.— To  demonstrate  the  blind  spot. 


left  eye  closed,  and  the  paper  be  held  at  a  distance  of  10  inches,  the  circle 
will  entirely  disappear.  This  occurs  when  the  image  falls  on  the  optic  nerve 
at  its  entrance.  (See  also  page  470.)  The  experiment  of  Purkinje  demon- 
strates the  same  fact. 

It  is  well  known  that  the  blood-vessels  of  the  retina  are  situated  in  its 
innermost  layers  a  short  distance  behind  the  optic-nerve  fibers.  Owing  to 
this  anatomical  arrangement,  a  portion  of  the  light  coming  through  the  pupil 
will  be  intercepted  by  the  vessels  and  a  shadow  projected  on  the  layer  of 
rods  and  cones.    Ordinarily,  these  shadows  are  not  perceived,  for  the  reason 
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that  the  shaded  parts  are  more  sensitive  and  their  excitability  less  readilj 
exhausted,  and  perhaps  because  the  mind  has  learned  to  disregard  them. 
But  if  light  be  made  to  enter  the  eye  obliquely,  the  position  of  the  shadows 
will  be  changed,  when  at  once  they  become  apparent.  This  can  be  shown  in 
the  following  way  : 

If  in  a  darkened  room  a  lighted  candle  be  held  several  inches  to  the  side 
and  to  the  front  of  the  eye,  and  then  moved  up  and  down,  there  will  be 
perceived,  apjiarently  in  the  field  of  vision,  an  arborescent  figure  correspond- 
ing to  the  retinal  blood-vessels.  This  is  due  to  the  falling  of  the  shadows 
on  unusual  portions  of  the  layer  of  rods  and  cones  (see  also  page  141). 

Excitability  of  the  Retina. — The  retina  is  not  equally  excitable  in  all 
parts  of  its  extent.  The  maximum  degree  of  sensibility  is  found  in  the 
macula  lutea,  and  especially  in  its  central  portion,  the  fovea.  In  this  region 
the  layers  of  the  retina  almost  entirely  disa])pear,  the  layer  of  rods  and  cones 
only  remaining,  and  in  the  fovea  only  the  latter  are  present.  That  this  area 
is  the  point  of  most  distinct  vision  is  shown  by  the  observation  that  when 
the  eye  is  directed  to  any  given  point  of  light,  its  image  always  falls  in  the 
fovea.  Any  pathological  change  in  the  fovea  is  attended  by  marked  indis- 
tinctness of  vision.  The  sensibility  of  the  retina  gradually  but  irregularly 
diminishes  from  the  macula  toward  the  periphery.  This  diminution  in 
sensibility  holds  true  for  monoi!hromatic  as  well  as  white  light. 

As  stated  above,  the  nature  of  the  molecular  processes  which  take  ])lace 
in  the  retinal  tissue,  and  which  are  caused  on  one  hand  by  the  light-vibra- 
tions, and  on  the  other  hand  develop  nerve-impulses,  is  entirely  unknown. 
The  discovery  of  the  visual  purple  in  the  outer  segment  of  the  rods  gave 
promise  of  some  explanation  of  the  process,  especially  when  it  was  shown  to 
undergo  changes  when  exposed  to  the  action  of  light.  Kiihne  even  succeeded 
in  obtaining  an  opfor/ram,  or  a  fix(!(l  image,  of  an  external  object  in  a  manner 
similar  to  that  by  which  an  image  is  fixed  on  the  sensitive  ])late  of  a  camera. 
But  as  the  pigment  is  wanting  in  the  cones,  and  especially  in  the  fovea,  it 
cannot  be  considered  essential  to  distinct  vision,  although  that  it  plays  some 
important  role  in  the  visual  process  is  highly  probable.  The  visual  purple 
disappears  when  the  eye  is  exposed  to  light,  but  is  restored  when  light  is 
excluded.  It  has  also  been  observed  that  under  the  influence  of  light- 
stimulation  the  cones  become  shorter,  and  in  the  darkness  again  become 
longer  (see  page  69). 

Color-perception. — A  beam  of  sunlight  passed  through  a  glass  prism 
is  decomposed  into  a  series  of  colors — red,  orange,  yellow,  green,  blue,  indigo^ 
and  violet — the  so-called  spectral  colors,  so  well  exemplified  in  the  rainbow. 
The  spectral  colors  are  termed  simple  colors,  because  they  cannot  be  any 
further  decomposed  by  a  prism.  Objectively,  the  spectral  colors  consist  of 
very  rapid  transverse  vil)rations  of  the  ether,  from  about  400  millions  of 
millions  per  second  for  red  to  about  760  millions  of  millions  for  violet,  but 
subjectively  they  are  sensations  caused  by  the  impact  of  the  ether-waves  on 
the  percipient  layer  of  the  retina. 

It  is  possible  to  mix  or  blend  these  spectral  color-sensations  in  the  eye  by 
stimulating  the  same  area  of  the  retina  by  different  spectral  colors,  either  at 
the  same  time  or  in  rapid  succession.  The  following  table  shows  the  results 
of  such  experiments  as  performed  by  v.  Helmholtz  (Dk.  =  dark  ;  Wh.  = 
whitish). 
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Violet. 

Indigo. 

Cyan-blue. 

Bluish- 
green. 

Green. 

Greenish- 
yellow. 

Yellow. 

Red 
Orange 
1  el  low 
Gr.-yellovv 
Green 

Bluish-green 
Cyan-blue 

Purple 

Dk.-rose 

Wh.-rose 

White 

White-blue 

Water-blue 

Indigo 

Dk.-rose 

Wh.-rose 
Waiite 
Wh. -green 
Water-blue 
Water-blue 

Wh.-rose 
White 
Wh. -green 
Wh.-greeii 
Bl. -green 

White 
Wh. -yellow 
Wii.-yellow 
(ireen 

Wli.-yellow 

Yellow 

Gr.-yellow 

Gold-yellow 
Yellow 

Orange 

These  are  the  mixed  colors.  But  it  is  to  be  observed  that  only  two  new 
color-sensations  can  be  produced,  white  and  purple,  the  remaining  mixed 
colors  already  finding  their  etjuivalcnt  in  the  spectrum.  White  and  purple, 
therefore,  are  color-sensation.s,  which  have  no  objective  equivalent  in  a  simple 
number  of  ether-vibrations  like  the  .spectral  colors. 

Two  spectral  colors  which  by  their  mixture  produce  the  sensation  of 
white  are  called  complonentari/  colors.  Such  are  red  and  green-blue,  golden 
yellow  and  blue,  green  and  purple.  The  mixture  of  all  the  .spectral  colors 
produces  white  again.  This  is  the  result  of  adding  two  or  more  color-sensa- 
tions.  Different  results  are  obtained,  however,  by  adding  colored  pigments. 
bellow  and  blue,  for  example,  produce  in  the  eve  white,  but  on  the  painter's 
palette  green.  For  the  explanation  of  such  facts  reference  must  be  made  to 
larger  treatises.  The  colors  of  nature  are  usually  mixtures  of  simple  colors, 
as  can  be  shown  by  spectroscopic  analysis  or  by  a  synthesis  of  spectral  colors. 

In  all  color-sensations  we  must  distinguish  three  primary  qualities :  (1) 
hue  ;  (2)  purity  or  tint ;  (3)  brightness  or  luminosity.  The  first  quality  gives 
the  main  name  to  the  color — c.  g.  red  or  blue — this  depending  on  the  spectral 
color  or  the  mixture  of  two  spectral  colors  with  which  it  can  be  matched. 
The  second  quality,  the  tint,  depends  on  the  admixture  of  white  to  the 
ground  color;  and  the  third  qualitv,  brightness,  depends  on  the  objective 
intensity  of  the  light  and  the  subjective  sensitiveness  of  the  retina.  Color- 
perception  thus  far  refers  only  to  the  most  sensitive  part  of  the  retina.  At 
the  more  peripheral  jxirts  of  the  retina  the  colors  are  seen  somewhat  differ- 
ently, as  is  shown  by  the  following  table  giving  the  limits  up  to  which  the 


colors  are  recognized 

White. 

Externally  90° 

Internally  60° 

Superiorly   .  45° 

Inferiorly  70° 


Blue. 
80° 
55° 
40° 

60° 


Red. 
65° 
50° 
35° 
45° 


Green. 
50° 
40° 
30° 
35° 


Theories  of  Color-perception. — The  theory  of  v.  Helmholtz,  originated 
by  Thomas  Young  (1807),  assumes  in  its  latest  form  the  existence  in  the 
human  retina  of  three  different  kinds  of  end  organs,  each  of  which  is  loaded 
with  its  own  photo-chemical  substance  capable  of  being  decomposed  by  a 
certain  color,  and  thus  exciting  the  fiber  of  the  optic  nerve. 

In  the  first  group  these  end  organs  are  loaded  with  a  red-sensitive  sub- 
stance, which  is  affected  mainly  by  the  red  part  of  the  spectrum  ;  the  second 
group  has  its  end  organs  provided  with  a  green-sensitive  substance,  which  is 
mainly  excited  by  the  green  color;  while  the  third  group  is  provided  with  a 
blue-sensitive  substance,  this  latter  being  mainly  affected  and  dccomj)()sed  by 
the  blue-violet  portion  of  the  spectrum.  All  these  three  different  end  organs 
are  present  in  every  part  of  the  most  sensitive  area  of  the  retina,  and  are 
connected  by  separate  nerve-fibers  with  special  parts  of  the  brain,  in  the  cells 
of  which  each  calls  up  its  separate  sensation  of  red  or  green  or  blue. 

'  For  further  discussion  of  this  subject  see  page  167. 
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Out  of  these  tliree  primary  color-sensations  all  other  color-sensations 
arise.  If  a  light  mainly  excites  the  red-  or  green-  or  blue-sensitive  substance 
of  a  retinal  area,  we  term  it  red,  green,  or  blue,  respectively.  But  if  two  of 
these  photo-chemical  substances  are  stimulated  simultaneously,  quite  different 
sensations  arise.  Thus  simultaneous  stimulation  of  the  red  and  green  sub- 
stances gives  rise  to  the  sensation  of  yellow,  that  of  red  and  blue  to  the 
sensation  of  purple,  and  that  of  blue  and  green  to  the  sensation  of  blue-green. 
Simultaneous  stimulation  of  all  three  sul)stances  of  a  certain  area  produces 
the  sensation  of  white.  According  to  this  tlieory,  complementary  colors  are 
all  those  which  together  excite  all  the  three  substances.  Color-blindness  is 
explained  by  this  tlieory,  on  the  assumption  that  two  of  the  plioto-chemical 
substances  have  become  similar  or  e(|ual  in  composition  to  each  other. 

The  tJieory  of  Her'uig,  brought  forward  in  1874,  has  the  underlying  as- 
sumption that  the  process  of  restitution  in  a  nerve-element  is  capable  of 
exciting  a  sensation.  This  theory  asserts  that  there  are  three  visual  sub- 
stances in  the  retina — a  white-black,  a  red-green,  and  a  yellow-blue  visual 
sui)stance.  A  destructive  process  in  the  white-black  substance,  such  as  is 
induced  not  only  by  white  light,  but  also  by  any  other  simple  mixed  color, 
produces  the  sensation  of  white,  while  the  process  of  restitution  or  assimila- 
tion in  this  substance  produces  the  sensation  of  black.  Similarly,  red  light 
produces  disassimilation  or  decomjjosition  in  the  red-green  substance,  and 
this,  again,  the  sensation  of  red.  Grreen  light,  however,  favors  the  process  of 
restitution  or  assimilation  in  the  red-green  substances,  and  thus  gives  rise  to 
the  sensation  of  green.  In  the  same  way  the  sensation  of  yellow  has  its  cause 
in  the  decom})osition  of  the  yellow-blue  substance  induced  by  yellow  light, 
while  the  sensation  of  blue  is  produced  by  an  assimilative  process  in  the 
same  substance.  Simultaneous  processes  of  disassimilation  and  assimilation 
in  the  same  visual  substance  antagonize  each  other,  and  consequently  produce 
no  color-sensation  bv  means  of  this  substance,  but  onlv  the  sensation  of  white, 
by  reason  of  decomposition,  by  both  colors,  in  tlie  white-black  substance. 
Thus,  yellow  and  blue,  impinging  on  the  same  retinal  area,  have  no  effect  on 
the  yellow-blue  substance,  because  they  are  antagonistic  in  their  action  on 
this  sul>stance,  but  only  produce  the  sensation  of  Avhite,  as  both  yellow  and 
blue  decompose  the  white-black  material.  Color-blindness  is  explained  by 
the  assumption  of  the  absence  of  either  the  red-green  or  the  yellow-blue 
visual  substance  in  the  retina. 

Movements  of  the  l^yeball.— The  almost  spherical  eyeball  lies  in  a 
correspondingly  sha])ed  cavity  of  the  orbit,  like  a  ball  placed  in  a  socket,  and 
is  capable  of  being  moved  to  a  considerable  extent  by  the  six  ocular  muscles 
which  are  attached  to  it.  The  movements  of  each  eye  are  referred  to  three 
fixed  lines  or  axes  which  have  their  origin  at  the  point  of  rotation  of  the  eye- 
ball, this  ])oint  lying  about  1.7  mm.  behind  the  center  of  the  globe.  If  the 
eye  looks  straight  forward  in  the  horizontal  ])lane  (the  head  being  erect),  the 
line  joining  the  center  of  rotation  with  the  object  looked  at  is  the  visual  line 
or  visual  axis.  Around  this  antero-jwsterior  axis  the  eye  mav  be  regarded  as 
performing  its  circular  rotation  or  torsion.  At  right  angles  to  this  line,  and 
joining  the  center  of  rotation  of  both  eyes,  is  the  horizontal  or  transverse  axis 
around  which  the  movements  of  elevation  (up  to  34°)  and  depression  (down 
to  57°)  take  place.  At  right  angles  to  both  of  these  lines  there  is  the  vertical 
axis,  around  which  the  movements  of  adduction  (toward  the  nose  up  to  45°) 
and  abduction  (toward  the  temple  up  to  42°)  occur.  The  six  muscles  mav  be 
divided  into  three  pairs,  each  of  which  has  a  common  axis  around  w^hich  it 
tends  to  move  the  eyeball.    But  only  the  common  axis  of  the  internal  and 
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external  recti  coincides  with  one  of  three  axes  before  mentioned — namely, 
with  the  vertical  axis — thus  moving  tlie  ball  only  inwardly  or  outwardly, 
respectively.  The  other  two  pairs,  however,  have  their  own  axes  of  action, 
and  their  movements  of  the  ball  must  be  therefore  analyzed  with  regard  to 
all  the  three  axes,  each  of  these  four  muscles  producing  rotation,  elevation, 
and  depression,  and  abduction  or  adduction.  The  superior  and  inferior  recti 
muscles,  forming  one  pair,  move  the  eye  around  a  horizontal  axis  which 
intersects  the  median  plane  of  the  body  in  front  of  the  eyes  at  an  angle  of 
63°,  and  the  superior  and  inferior  oblique  muscles  forming  the  third  pair 
rotate  the  globe  around  a  horizontal  axis  which  cuts  the  median  i)lane  of  the 
body  behind  the  eyes  at  an  angle  of  39'^.  Thus  it  is  that  each  muscle  moves 
the  eye  as  follows,  the  movement  for  practical  purposes  being  referred  to  the 
cornea  :  The  rectus  externus  draws  the  cornea  simply  to  the  temporal  side, 
the  rectus  internus  simply  to  the  nose  ;  the  superior  rectus  displaces  the  cornea 
upward,  slightly  inward,  and  turns  the  upper  part  toward  the  nose  (medial 
torsion) ;  the  inferior  rectus  moves  the  cornea  downward,  slightly  inward,  and 
twists  the  upper  part  away  from  the  nose  (lateral  torsion) ;  the  superior 
oblique  displaces  the  cornea  downward,  slightly  outw^ard,  and  produces  medial 
torsion  ;  while  the  inferior  oblitiue  moves  the  cornea  upward,  slightly  out- 
ward, and  produces  lateral  torsion.  These  facts  show  that  for  certain  move- 
ments of  the  eye  at  least  three  muscles  are  necessary  (see  following  table)  : 


Inward, 
Outward, 

Upward, 

Downward, 

Inward  and 
upward. 


Rectus  internus. 

Rectus  externus. 
I  Rectus  superior. 
(  Obliquus  inferior. 
I  Rectus  inferior. 
(  Obliquus  superior. 
I  Rectus  internus. 
<  Rectus  superior. 
( Obliquus  inferior. 


Inward  and 
downward, 

Outward  and 
ypward. 

Outward  and 
dowmvard. 


Rectus  internus. 
Rectus  inferior. 
Obliquus  superior. 
Rectus  externus. 
Rectus  superior. 
Obliquus  inferior. 

i Rectus  externus. 
Rectus  inferior. 
Obliquus  superior. 


If  both  eyes  have  their  line  of  vision  in  the  horizontal  plane  parallel  with 
each  other  and  with  the  median  plane  of  the  body,  they  are  said  to  be  in  the 
priman/  posit hn.  All  other  positions  are  called  secondari/.  Both  eyes  always 
move  simultaneously,  which  is  called  the  associated  movement  of  the  eyes. 
There  are  three  forms  of  associated  movements  :  (1)  movement  of  both  eyes  in 
the  same  direction  ;  (2)  movements  of  convergence  by  which  the  visual  lines 
are  converged  on  a  point  in  the  middle  line  of  the  body ;  (3)  movements  of 
divergence,  by  which  the  eyes  are  brought  back  from  convergence  to  paral- 
lelism, or  even  to  divergence,  as  in  certain  stereoscopic  exercises.  A  combi- 
nation of  (1)  and  (2)  or  of  (1)  and  (3)  takes  place  for  certain  positions  of  the 
object  looked  at.^ 

^  For  further  and  similar  consideration  of  the  physiological  action  of  the  ocular  muscles  see 
pages  41,  42,  497,  and  498. 
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lyight  from  its  source  spreads  from  center  to  circumference — not  as  the 
arrow  fiics,  hut  as  the  wave  passes.  The  continually  rej^eated  cycle  at  the 
origin  is  imitated  in  all  its  essentials  at  each  surrounding  particle,  which, 
being  thus  made  luminous,  transmits  in  turn  what  it  has  received  to  others 
next  removed. 

This  is  not  the  phice  to  discuss  at  length  the  wave  theory  of  light,  but  let  it  be 
remembered  that  the  image  on  the  retina  is  the  result  of  purely  mechanical  processes 
into  which  the  time  element  necessarily  enters.  Whatever  the  nature  of  the  cycle  at 
the  origin,  it  lias  to  do  with  a  mass  of  matter  controlled  by  elastic  forces,  hence  its 
period  is  constant.  The  conditions  at  half-cycle  periods  are  such  as  may  be  represented 
by  algebraic  equals  and  opposites,  compounding  into  zero  if  both  are  impressed  on  the 
same  body  at  the  same  time. 

The  passage  of  light  through  space  is  the  transference  of  motion  from  one  body  to 
another,  or  to  many  others  whose  reactions  bring  or  tend  to  bring  the  first  to  rest,  and 
which  are  brought  to  rest  in  turn  by  those  on  whom  they  act. 

The  time  element  in  this  process  of  light  propagation  is  also  determined  strictly  in 
accordance  with  mechanical  laws,  and  hence  the  spherical  shell  of  a  wave-surface  is 
deformed  or  distorted  by  any  change  in  the  density  or  structure  of  the  medium  through 
which  it  passes. 

At  the  outset,  in  a  homogeneous  medium,  the  wave-surfaces  are  spherical,  and  the 
light  received  by  any  body  to  which  the  wave  has  reached  is  measured  by  the  area  of 
wave-surface  which  it  intercepts.  This  means  that  the  body  is,  as  it  were,  a  buffer  to 
the  moving  masses  of  which  the  medium  is  composed. 

If  the  recipient  is  at  an  equal  distance  from  two  such  sources  of  light  whose  phases 
and  cycles  are  similar,  it  will  of  course  receive  twice  the  light  that  it  would  from  one. 
Now,  the  whole  theory  of  transmission  by  waves  implies  that  every  sej)arate  point  of  a 
wave-front  is  itself,  while  the  wave  is  passing,  nothing  other  than  an  instantaneous 
source  of  light,  and  may  be  treated  as  such,  and  that  the  results  traceable  to  any  one  lumi- 
nous element  (Fig.  57,  I)  are  the  same  as  may  be  obtained  by  the  summation  of  results 
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Fig.  57.— To  illustrate  the  fact  that  when  the  center  of  a  wave-surface  is  behind  the  wave,  it  is  a 

radiant ;  when  in  front  of  the  wave,  it  is  a  focus. 

due  to  similar  conditions  as  they  exist  at  some  later  period  in  every  separate  element 
a,  b,  c.  d,  etc.,  along  the  whole  wave-surface.   Thus  it  happens  that  any  point,  p,  equally 
distant  from  the  points,  b  and  c,  receives  double  the  amount  of  light  or  energy  from  both 
these  points  that  it  does  from  either. 
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A  change  in  tlie  form  of  the  wave-front  so  that,  as  at  a^,  d' ,  it  curves  in  a  circle  about 
the  point  toward  which  it  is  advancing,  makes  that  point  the  recipient  of  all  the  energy 
which  was  distributed  along  its  arc. 

Tmage-formhu/  optical  histrumenh  are  devices  by  which  each  liglit-wave 
that  conies  from  one  of  a  configuration  of  points,  the  object,  is  made  to  curve 
around  the  corresponding  one  of  another  configuration  of  points,  the  image. 

Fig.  58  delineates  this  process  in  its  simplicity,where  a  lens  is  made  of  such  medium 
as  will  delay  by  its  density  the  progress  of  the  wave,  and  is  so  shaped  that  it  will  give 


Fig.  58.— Showing  the  physical  relation  of  a  lens  to  its  conjugate  foci :  /',  radiant :/",  focus  conjugate  to/. 

to  the  wave-front  a  circular  section.  The  ray,  as  indicative  of  the  direction  toward 
which  the  wave  at  any  point  is  moving,  is  identical  with  the  radius  of  the  curved  wave- 
surface  at  that  point,  and  the  radius  of  a  circle  measures  its  straightness  of  arc,  just  as 
the  reciprocal  of  the  radius  measures  its  curvature. 

Thus  it  will  be  seen  that  the  study  of  the  propagation  and  distribution  of 
light  is  very  much,  at  bottom,  the  study  of  curves,  and,  as  curves  are  deter- 
mined by  the  properties  of  their  normals  or  radii,  it  is  possible  for  Geometrical 
Optics  to  be  cultivated  as  a  degenerate  form  of  Physical  Optics,  dealing  prin- 
cipally with  the  positions  of  points  and  the  lengths  of  line-segments. 

The  accessibility  of  certain  truths  wlien  sought  by  geometrical  methods, 
and  the  accessibility  of  the  methods  themselves  as  instruments  of  research, 
are  their  all-sufficient  but  not  their  only  recommendation.  In  the  pages  that 
follow  only  occasional  reference  will  be  made  to  the  j)hysical  aspects  of  the 
case,  but  attention  is  here  invited  to  the  fact  that  not  only  as  a  figure  of  speech, 
but  in  the  accurate  mathematical  sense,  rarity  is  the  reciprocal  of  density, 
straiglitness  of  curvature,  and  slowness  of  velocity.  From  these  hints  it  will 
be  found  that  the  formulae  used  in  the  study  of  refracting  and  reflecting  sur- 
faces and  centered  lens-systems  give  abundant  evidence  of  their  physical 
origin,  and  a  recognition  of  tliis  relationship  will  be  an  easy  and  legitimate 
mnemonic  device. 

Thus  in  Equation  13,  page  108,  one  may  read  each  term  as  the  value  in  diopters  of  a 
lens  or  a  pencil.  One  recognizes  the  /'s  as  typical  of  focal  distances,  and  the  r  as  a 
radius,  but  /'  and  /^^  are  also  radii,  and  their  magnitudes  measure  the  flatness  of  the 

incident  and  refracted  waves;  ^  is  the  curvature  of  a  wave-surface,  and  fi^^  is  the 

coefficient  of  slowness  for  wave-travel  in  the  medium  thus  indexed,  while  fi^^  —  is  the 
lag  of  the  wave  as  it  passes  from  one  medium  to  another ;  and  so  on  until  the  whole 
physical  theory  is  read  from  the  necessary  geometrical  relations. 

Refraction  and  Reflection. — With  SneWs  law  for  a  stepping-stone  we 
now  pass  to  the  geometrical  consideration  of  refraction  and  rejiection.  This 
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law  for  nearly  a  hundred  years  was  the  expression  merely  of  the  results  of 
experience  in  the  ol)seryation  of  refracted  light.  It  is  now  generalized  and 
applied  to  both  reflection  and  refraction.  Its  consistency  with  tlie  wave 
theory  of  light  may  be  seen  as  follows : 

When  a  waye-surfoce  wliose  section  may  be  represented  by  a  b  (Fig.  59) 
passes  through  d,  tlie  surface  separating  one  medium  from  another  in  wliich 
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Fig.  59.— Showing  that  a  wave-snrface  is  not  changed  in  its  direction  by  passing  through  (d)  an  optical 
surface  parallel  to  it,  however  the  character  of  the  medium  may  change  at  that  surface,  but  that  when 
the  optical  surface  (d')  is  inclined  to  the  wave-surface,  the  latter  must  experience  a  change  in  its  direc- 
tion dependent  on  its  change  of  velocity  in  passing  from  one  medium  into  the  other. 

for  any  reason  whatever  light  makes  its  way  at  a  different  rate  of  speed,  if 
the  wave-surface  immediately  before  its  passage  is  parallel  to  the  surface  sepa- 
rating the  two  media,  it  will  be  parallel  to  it  immediately  after  its  passage, 
because  at  no  time  have  the  circumstances  governing  its  speed  differed  along 
the  whole  line  of  the  wave-front,  the  change  having  taken  place  everywhere 
at  the  same  instant.  The  length  of  section  is  immaterial  so  that  it  be 
straight.  Its  straightness  as  a  measurable  quantity  is  the  arc  divided  by  the 
radius,  so  whatever  the  curve  for  a  section  as  small  as  you  please,  the  above 
statement  is  practically  true,  neither  end  of  the  wave  gains  on  the  other  and 
it  continues  to  advance  in  a  straight  line. 

If  the  wave  enters  a  retardiug  medium  whose  surface,  d',  is  not  parallel 
to  its  own,  instead  of  making  its  way  as  it  otherwise  would  to  the  position 
a" ,  by,  the  spread  of  the  light- disturbance  from  particle  to  particle  has  cov- 
ered, say,  a  smaller  area  in  the  new  medium  than  in  the  old,  and  the  limit 
of  its  advance  is  along  the  common  tangent  of  the  circles  whose  radii  are 
proportional  to  the  time  since  they  began  to  form  in  the  new  medium.  Since 
the  line  v'  represents  the  velocity  of  propagation  in  the  medium  fi'  and  v"  in 
the  medium  the  desired  relations  are  easily  established.  Each  is  perpen- 
dicular to  its  wave  front  and  is  consequently  a  radius  or  ray  ;  a",  by  shows 
the  place  to  which  the  wave  would  have  advanced  had  the  character  of  the 
medium  not  changed  at  d',  and  a",  b"  shows  the  place  to  which  it  really  has 
advanced  during  the  same  interval  of  time.  Each  forms  the  side  of  a  right- 
angled  triangle  whose  hypothenuse  is  the  separating  surfjice,  and  whose 
respective  bases  are  corresponding  sections  of  wave-surface,  and  form  with 
the  surface  of  separation  the  angles  i'  and  i".  One  of  these  angles  is  the 
angle  of  incidenee  ;  the  other  is  the  angle  of  refraction.  Hence  the  sine  of 
the  angle  of  incidence  is  to  the  sine  of  the  angle  of  refraction  as  the  velocity 
at  incidence  is  to  the  velocity  after  refraction,  or,  as  usually  stated. 


sin  I' 


(1) 
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Tn  practice  it  is  easy  to  locate  the  centers  from  whicli  the  waves  come  and 
to  which  they  go,  and  easy  to  locate  the  center  of  the  ()j)tical  surface  ;  con- 
necting these  centers,  p',  p",  ov  p'"  and  n  with  tlie  point  of  incidence  a  (Fig. 
60),  gives  us  the  three  radii,  each  of  course  perpendicular  to  tiie  surface  to 
which  it  belongs,  and  consequently  mutually  inclined  to  each  other  as  are 
those  surfaces. 

^  Through  the  relations  of  these  radii  the  law  was  discovered,  through  them 
it  is  most  easily  proved,  and  through  them  it  is  most  frequently  stated,  angles 
of  incidence,  reflection,  and  refraction  being  defined  as  angles  made  by  the 
incident,  reflected,  or  refracted  ray  (perpendicular)  with  tlie  radius  of  the 
optical  surface. 

The  ability  to  transfer  the  attention  from  surfaces  to  rays,  and  to  replace 
velocities  by  their  reciprocals,  is  a  great  geometrical  advantage,  though  it 
gives  a  show  of  artificiality  to  the  whole  theory  of  optical  instruments  as  far 
as  we  have  occasion  to  pursue  it. 

If  fx,  however  accented,  is  taken  to  represent  \  Equation  1  may  be 
written 

%m  Vii' =  sir\  V'iJ-'',  (2) 

* 

and  Equation  2  is  Snell's  law. 

As  here  used,  fi',  ix" ,  etc.  represent  the  time  needed  for  light  to  travel  unit 
distance  in  the  medium  with  which  each  is  connected  ;  they  might  be  called 
coefticients  of  slowness  or  coefficients  of  sine  magnitude ;  they  are,  in  fact^ 
called  indice,s  of  refraction. 

The  time  needed  for  light  to  spread  unit  distance  in  ether — or  in  air, 
which  is  very  nearly  the  same — is  the  standard  of  measurement,  and  is 
assumed  to  be  1.  The  actual  value  in  seconds  for  ether,  for  air,  or  for  other 
media  is  of  no  special  import  to  uS  here ;  we  need  only  the  relative  magni- 
tudes, which  are  known  or  easily  obtained,  and  are  represented  by  /i  appro- 
priately accented.  When  fx  is  equal  to  1,  it  is  often  omitted  from  a  product 
as  a  matter  of  brevity  and  convenience.  In  all  the  formulae  here  used  it 
will  be  written  for  the  sake  of  symmetry  and  clearness. 

With  this  much  of  physical  explanation  and  the  law  of  sines  as  the  rule 
of  the  road,  we  may  proceed  to  speak  of  ra^/.s  and  foci  as  of  pencils  and  points, 
hoping  that  their  true  significance  will  not  be  forgotten,  and  believing  that  the 
little  effort  that  is  necessary  to  identify  physical  with  geometrical  relation- 
ships will  more  than  pay  for  itself  as  a  guard  against  error  and  as  a  mne- 
monic; aid. 

We  shall  use  the  word  refraction  in  its  most  general  sense,  including 
refraction  and  reflection.  If  exceptions  to  this  usage  occur,  they  will  be 
noted. 

The  first  general  problem  that  presents  itself  in  the  study  of  image-form- 
ing optical  instruments  is  this  :  Given  waves  of  circular  section,  what  will  be 
their  curve  in  either  medium  after  incidence  on  the  spherical  surface  which 
separates  it  from  another  of  different  index  ? 

The  problem  may  be  solved  by  the  aid  of  Fig.  60,  A,  in  which  waves  at 
a  h  would  converge  upon  the  point  p',  except  that  the  optical  surface  changes 
their  curvature,  giving  them  a  center  at  p".  In  this  particular  case  n,  h,  p', 
fi',  fx"  are  known,  and  p"  is  sought,  but  the  solution  desired  should  enable  us 
to  determine  the  position  of  any  one  of  the  quantities  when  the  others  are 
given,  h  being  the  point  where  the  optical  surface  meets  the  line  connecting 
its  center  with  that  of  the  incident  wave. 
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At  h  the  incident  wave  and  the  optical  surface  liave  a  common  tangent, 
and  there  is  no  change  in  the  direction  of  the  wave  or  of  its  radius;  conse- 
quently, the  center  of  the  two  waves  will  be  on  a  line  with  the  center  of  the 
optical  surface.  At  anv  other  point  of  incidence  the  law  of  sines  applied  to 
the  two  known  radii  will  indicate  the  third,  and  its  cross  with  the  axis  at;/' 
will  be  approximately  the  center  of  wave  curvature.  The  solution  is  as 
follows  : 


D 

Fig.  60.— Typical  cases  of  refraction  and  reflection,  showing  the  relative  positions  as  expressed  by 
Snell's  law  to  be  the  same  for  rays  and  normals  as  for  the  surfaces  to  which  they  belong.  At  h  the  waves 
are  parallel  to  the  optical  surface ;  a  is  any  point  common  to  optical  and  wave-surfaces ;  p'  is  the  center 
of  the  incident  wave,  p"  of  the  refracted,  and  of  the  reflected  wave.  The  values  of  radii,  curvatures, 
and  focal  distances  are  ordinarily  considered  positive  when  the  centers  to  which  they  appertain  lie  to  the 
right  of  h  \  in  (.4)  they  are  all  positive. 

For  the  convenience  of  a  one-letter  notation  draw  Fig.  61  identical  with 
Fig.  60,  but  represent  the  radius  of  the  refracting  surface  by  ?■,  the  distance 
of  any  point  j)  from  the  center  of  the  refracting  surface  by  g  appropriately 
accented,  the  distance  of  any  point  p  from  a  by  also  appropriately  accented, 
and  distances  from  h  hy  f.  Then  in  Fig.  61  will  be  seen  one  triangle  whose 
sides  are  r,  e',  and  r/,  and  whose  vertex  measures  the  angle  of  inci(lcnce,  and 
another  triangle  whose  sides  are  r,  e",  and  (/",  and  whose  vertex  is  the  angle 
of  refraction.    The  angle  between  r  and  g  may  be  called  o. 
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From  the  well-known  property  of  triangles  come  these  two  equations  : 

(3)  ^^^=<;.  (4) 


sin  6    e'  sin  d 

Dividing  3  by  4  to  eliminate  d, 


sin  i'  _  cf'e" 
sin  i' 

By  SnelFs  law,  Eq.  2, 


(5) 


(6) 


Therefore,  ^'/'^/V'        ^'V«'=/^'i/'e''-  (7) 

It  should  be  noticed  here  that  when  the  point  a  (Fig.  61)  is  placed  very  near 
to  h  the  pole  of  the  optical  surface,  e  is  nearly  equal  in  value  to /,  and  at  the 
limit,  when  a  and  h  become  identical,  any  e  is  exactly  equal  to  the  corresponding 
_/'.  The  value  of/ at  the  instant  when  a  and  h  coincide  is  the  value  that  gives 
accurately  the  curvature  of  tlie  wave  at  h.  If  tlie  wave  is  circular  in  section, 
p"  determined  for  one  point  on  its  surface  is  determined  for  all.  When  the 
refracted  wave  has  not  a  circular  section,  it  is  usual  in  practice  either  to  shut 
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Fig.  61.— a  one-letter  notation  for  case  {A)  Fig.  60. 

oflT  that  portion  of  its  surface  which  departs  apjireciably  from  a  uniform  curve, 
and  assumes  that  all  the  rays  cross  at  the  limiting  position  of  or  to  name 
for  the  focal  point  that  position  of  p"  which  is  nearest  to  the  greatest  number 
of  rays  at  once.  Some  information  may  be  obtained  concerning  tlie  curve  of 
the  wave  by  substituting  for  e'  and  e"  in  Eq.  8  the  value  which  each  pos- 
sesses bv  virtue  of  its  being  opposite  to  the  angle  o  in  the  triangle  to  which 
it  belongs  ;  thus  : 

g/2_^/2^,.2_2^/,.  cos  (5.  (8) 
g//2_^//2  +  ,.2_2.<7'V  COS  f5.  (9) 

Squaring  7  and  substituting  the  value  e  from  9, 

H''Y^\g'-^  +  r^-2g'r  cos  fi)  =iu^Y^g'^^  +  r'^-2g'^r  cos  f5).  (10) 
It  is  not  necessary  to  ask  here  the  full  significance  of  this  formula,  but 
only  to  remark  that  when  g'  is  equal  to  |      j  r/',  d  disappears  from  the 

equation,  and  consequently  the  refracted  wave  has  a  circular  section.  One  such 
position  may  be  found  for  p'  on  either  side  of  The  distance  from  any 
position  of  p"  to  the  limiting  position  when  a  h  =  0  is  the  aberration  for  the 
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angle  d  (longitiulinal  spherical  aberration),  and  there  is  no  aberration  for  such 
values  of  (/'  or  //"  as  cause  o  to  disaj)pear. 

As  will  be  readily  appreciated,  any  irregularity  in  the  curvature  of  the 
refracted  wave  interferes  with  the  point-to-point  correspondence  of  the  image 
to  its  object.  The  optical  surfaces  of  most  instruments  are  spherical,  and 
manv  (circumstances  conspire  to  limit  our  use  of  these  surfaces  to  that  part 
whi('h  is  so  near  the  axis  as  to  be  practically  without  aberration,  or  to  have 
onlv  so  much  aberration  as  may  be  ignored  or  eliminated  by  compensatory 
errors;  so  in  all  first  approximations  jj"  in  its  limiting  position  is  taken  as 
the  focus  conjugate  to  7/  ;  and  since  the  e's  and  the  /'s  are  in  this  position 
identical,  Eq.  7  may  be  written  thus  : 

f^^y^r      i^^ri^iiZ,  (11) 

^,  JV 

Designating  these  segments  by  their  terminal  points,  as  in  Fig.  60,  the  nature 
of  the  relation  sought  becomes  apparent : 

l^^h^^h^^^  (12) 

p'n    p"  u 

In  {h  n  p'p")  we  have  an  anharmonic  range  in  which  the  two  foci  are  con- 
jugate to  the  center  and  tiie  i)ole  of  the  optical  surface,  and  the  cross  ratio  is 
the  ratio  of  wave  velocity  in  the  two  media.  It  is  worth  while  to  study  into 
this  a  little  if  necessary,  for,  besides  furnishing  the  easiest  possible  method 
of  remembering  the  relations  of  the  foci  to  their  surface,  it  shows  that  the 
relations  are  reciprocal,  and  that  the  two  foci,  being  given  a  surface  of  any 
curve,  may  be  placed,  or  a  curve  corresponding  to  any  place  may  be  deter- 
mined in  precisely  the  same  way. 

Any  combination  of  lenses  and  mirrors  may  be  replaced  by  an  equiv- 
alent surface  :  this  is  of  very  general  utility,  and,  moreover,  in  the  theory  of 
thin  pencils  the  circle  of  least  confusion  is  located  between  the  first  and 
second  focus  of  the  pencil  by  the  harmonic  variety  of  this  relation,  the  ratio 
being,  as  in  the  case  of  the  mirror,  equal  to  —  1.    (See  p.  127.) 

Again,  when  g  in  Eq.  11  is  replaced  by  its  equal  (/ — r),  we  have  the 
following : 

^  ^  fff-rf'  >  which,  when  reduced,  as  it  easily 
can  be,  gives  the  most  important  formula  in  this  part  of  the  book  : 


(13) 


In  as  brief  a  treatise  on  geometrical  optics  as  this  must  be,  Eq.  13  may  be  considered 
an  epitome  of  all  that  has  gone  before  and  a  key  to  all  that  follows.  Jt'should  be  com- 
mitted to  memory  and  associated  with  Fig.  60,  A,  until  each  is  a  "word-sign"  for  the 
other.  It  should  never  be  written  in  any  other  form  until  it  has  become  so  familiar  to 
the  eye  that  from  any  side  an  error  of  transcription  would  be  discovered  at  a  glance. 
It  is  general  in  its  application  for  the  focal  distances  of  axial  pencils  for  a  surface  of 
any  circular  curvature,  plus  or  minus,  between  any  media  of  whatever  index.  It  might 
just  as  well  have  been  deduced  from  any  of  the  special  cases  pictured  in  Fig.  60, 
and  the  preceding  applies  and  may  be  read  equally  well  in  connection  with  any  one 
of  these  cases,  p^^'  is  used  in  this  figure  to  indicate  the  position  which  p'^  assumes 
when  ;  that  is,  in  all  cases  of  reflection.    Fig.  60,  A,  was  chosen  as  the  tvpe 

by  which  all  may  be  classed  and  remembered,  because  in  it  all  the  curvatures,  all  'the 
focal  distances,  and  other  magnitudes  are  positive  quantities;  and  if  Eq.  13  is  remem- 
bered as  belonging  to  the  case  where  all  the  quantities  are  plus,  no  confusion  need  3fise 
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In  interpreting-  apparent  anomalies  of  sign  when  a  numerical  equation  of  this  form 
presents  itself. 

The  discussion  of  Eq.  13  is  much  more  simple  than  its  derivation.    If  the  oj)tical 
surface  is  a  plane,  r  becomes  intinite  and  the  last  member  vanishes,  and  consequently 
iL^'     a'  a'      f  .  1  ^ 

jy,  =  ^,    or     y^=y^,  which  must  be  construed  to  mean  that  the  conjugate  foci  of  a 

plane  refracting  surface  are  on  the  same  side  of  the  surface  and  at  distances  whose  ratio 
is  the  same  as  the  indices  for  the  two  media.  If  any  value  represented  by  f\f^\  or  r 
has  a  minus  sign,  it  of  course  represents  a  distance  to  the  left  of  li.  It' or/''^  repre- 
sents an  intinite  value,  the  inference  is  that  the  wave  surface  is  perfectly  flat,  that  the 
rays  are  parallel. 

Only  in  one  case  can  //^  and  fi^^  be  replaced  by  quantities  having  different  signs. 
That//  should  equal  — /f^^  would  indicate  a  position  of  the  wave  that  physical  condi- 
tions can  only  account  for  by  the  supposition  that  it  is  a  reflected  wave— that  is,  turned 
back  into  the  medium  whence  it  came — and  consequently  travelling  with  the  same 
velocity  as  before.  Therefore  the  numerical  value  of  //^  must  be  the  same  as  /u\  And 
it  can  be  stated  in  this  connection  that  when  the  indices  differ  in  sign  their  numerical 

values  do  not  differ,  and         =  - 1-    This  only  happens  in  cases  of  reflection. 

It  is  not  only  unnecessary,  but  it  is  confusing,  to  make  any  distinction 
between  problems  of  reflection  and  refraction  other  than  what  is  indicated  by 
the  signs  of  the  refractive  indices. 

The  simplicity  and  generality  of  the  conditions  is  such  that  the  laws,  the 
methods,  the  formula?,  and  their  interpretations  are  the  same  for  katoptrics  as 
for  dioptrics. 

Katoptrics  is  that  part  of  the  science  of  optics  that  deals  witli  the  phe- 
nomena of  reflection,  especially  from  regular  surfaces  like  mirrors. 

Dioptrics  treats  of  the  phenomena  of  refraction,  and  with  the  definitions 
we  dismiss  the  distinction,  except  in  such  degree  as  it  is  shown  by  the  signs 
of  the  indices.  Eq.  13  is  the  open  sesame  to  all  of  Optics  that  we  require. 
When  the  quantities  that  are  represented  by  and  /x"  are  of  unlike  sign, 
they  are  equal  and  we  are  dealing  with  reflection.  All  other  cases  are 
refractive. 

The  inverse  situation  is  covered  by  the  rule  which  tells  us  to  treat  all 
mirrors  as  optical  surfaces  between  media  whose  indices  are  1  and  —  1. 

Cardinal  Points,  four  in  number,  may  be  named  in  connection  with  a 
single  optical  surface  (Fig.  62).    They  are  »,  the  center  of  the  surface,  h,  the 


Fig.  62. — Above,  the  first  principal  focus  is  a  radiant,  and  rays  become  parallel  in  (>x").   Below,  rays  par- 
allel in  (/n')  converge  in  (fx")  to  the  second  principal  focus. 

principal  point,  F',  the  first  principal  focus,  and  F",  the  second  principal 
focus. 

The  Center. — Since  concentric  circles  are  parallel,  the  wave  whose  center 
of  curvature  before  incidence  is  n  will  have  n  for  a  center  after  incidence — 
i.  e.  the  ray  that  passes  through  n  is  unrefracted. 

It  will  be  seen  hereafter  that  the  relative  size  of  object  and  image  is  the  ratio  of 
their  respective  distances  from  7i;  that  they  approach  n  together;  that  each  is  inverted 
in  passing  through  n ;  and  that  when  they  meet  at  n  the  size  of  one,  in  terms  of  the 
other,  is  numerically  equal  to  the  ratio  of  the  velocities  of  the  light  waves  by  which 
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the  respective  images  are  formed.  It  will  be  seen  also  that  the  center  n  is  to  the  optical 
surface  what  the  two  nodal  points  //  and       are  to  the  lens  or  the  optical  system. 

The  principal  point  /;  is  tlio  ])oint  wlierc  tlie  ojitical  surface  is  pierced  by 
the  line  coiniecting  its  center  with  tiie  radiant. 

Object  and  image  approach  h  together.  At  k  they  are  equal  and  congruent  (see 
pjige  112),  and  to  h  of  the  optical  surface  correspond  the  two  principal  points,  and 
//^,  of  the  system. 

The  principal  foci,       and  F^^,  are  the  same  for  the  surfiice  as  for  the  system. 

The  first  principal  focus,  F' ,  is  the  center  of  those  waves  which  after 
incidence  become  plane.  In  other  words,  F'  is  the  cross  of  rays  that  are 
made  ])arallel  by  incidence  on  the  optical  surface. 

The  second  principal  focus  is  the  center  of  those  waves  that  before  inci- 
dence on  the  surface  were  parallel ;  or  it  may  be  stated  thus  :  Rays  previously 
parallel  cross  after  incidence  at  the  last  princi])al  focus. 

These  foci  are  found  by  giving  to  the  varial)les  of  Eq.  13  such  values  as 
will  impose  the  required  conditions. 

To  find  F' ,  substitute  co  for  in  Eq.  13  and  solve  for  This  is 
because  the  center  of  a  plane  wave  or  the  focus  of  a  parallel  pencil  is  at  infin- 
ity.   If  /"  =     J^'        ^'^^     disappears  from  the  expression,  and  we  have 


/=-^F-,=i^^  (14) 


the  necessary  result  of  the  condition  imposed. 

The  second  principal  focus,  F",  is  found  in  the  same  wav,  for  when 
1 

/'  =  ^,  J,  ^  0,  and 


To  apply  this,  suppose  light  from  air  is  incident  on  a  convex  glass  surface  whose 
radius  is  one-fifth  meter  (.20  m).  Replacing  by  1,  the  index  for  air,  n''  by  1.54,  the 
index  for  glass,  and  r  by  .20,  Eq.  15  gives 


1.54X.20  _.308  ^  g,, 
1.54-1      .54     ■  ' 


If  the  surface  had  been  concave,  as  in  Fig.  60  [C),  r  would  have  been  equal  to  -  .20, 
and  F'^  would  have  had  the  same  value,  with  a  contrary  sign  to  indicate  that  it  was  on 
the  left  of  h.  If  the  surface  is  to  be  a  mirror,  the  sam'e  equations  are  used  and  is 
put  equal  to  ~ fi" ;  thus  from  Eq.  14: 


pr__  _  //^^20    .20_  . 


For  F^'  one  obtains  the  .same  result,  .showing  that  the  principal  focus  for  either  side 
of  a  reflecting  surface  is  halfway  between  the  center  and  the  surface. 

When  F'  and  F",  the  principal  foci,  are  known,  a  very  simple  formula 
may  be  obtained  for  ])lacing  the  conjugate  of  any  other  given  focal  point; 
thus,  nndtiplying  Eq.  13  by  >•  and  then  dividing  each  numerator  by  ti"  -  u'' 
it  becomes  ' 

 li"r   fj/r 

fi''-fi'  , 

r  f 

Replacing  each  numerator  by  the  values  obtained  from  Eqs.  14  and  15 
we  have  '  ' 

F"  F' 


CONJUGATE  IMAGES.  HI 
Free  from  fractions  and  subtract  F'F"  from  each  side  : 

-//)(/  -F')=-  F'F". 
(ir//._y//)  ig  (j//  ^Fig.       ^nd  {f-F')  is 

Changing  the  sign  convention  so  that  one  accented  quantity  measures  dis- 
tances to  the  left  and  two  accented  quantities  are  measured  toward  the  right, 


F"  /" 

Fig.  63.— Showing  the  relation  of  conjugate  foci  to  principal  foci.  Symmetrical  notation  about  F' 

and  F"  as  origins. 

we  get  a  very  convenient  symmetrical  notation  for  the  relation  of  conjugate 
foci  to  principal  foci : 

n'u'  ^F'F".  (17) 

For  the  relation  given  in  Eq.  16  there  is  a  very  simple  graphic  solution.  As  the 
line  k  (Fig.  64)  is  turned  on  the  point  p  whose  rectangular  co-ordinates  are  F'  and 


A- 

P 

F' 

f 

F" 

 ^.  -^'''v::  

ft 

Fig.  64.— Graphic  solution  for  Eq.  16. 

the  parts  cut  off  from  the  axes  are  respectively  equal  iof  and/'',  due  regard  being  had 
to  sense. 

Conjug"ate  Images:  Object  and  image  are  corresponding (jonfigurations 
of  points.  By  this  is  meant  that  to  each  point  in  one  configuration  there  cor- 
responds a  point  in  the  other  configuration  whose  relation  to  it  and  to  some 
optical  surface  is  that  by  which  in  the  preceding  paragraphs  p'  has  been  con- 
nected with  p" .  The  path  of  the  light-wave  being  reversible,  either  config- 
uration may  in  theory  play  the  part  of  object  to  the  other  as  image.  Their 
distances  from  each  other  and  from  the  cardinal  })oints  of  the  surface  are 
determined  by  previous  considerations.  Their  relative  magnitudes  are  to  be 
determined. 

The  mag-nification  of  an  object  by  its  image  is  ordinarily  of  two  kinds, 
longitudinal  and  transverse.  With  the  longitudinal,  which  may  be  obtained, 
for  example,  by  comparing  (Fig.  65)  (f  s'  with  q"  s",  we  will  not  here  con- 
cern ourselves.  The  following  is  an  easy  geometrical  determination  of  the 
transverse  dimensions  of  object  and  image  :  Let  the  line  p'  q'  perpendicular 
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to  the  axis  be  represented  by/,  its  conjugate  by  -j",  mnuis  because  it  is  on 
the  opposite  side  of  the  axis,  and  it  is  important  to  distinguish  an  inverted 
from  an  upriirlit  image.  From  the  point  p'  let  two  lines  be  drawn,  one  par- 
allel to  tlie  axis  and  one  through  F',  the  first  principal  focus,  and  let  them 
be  continued  till  thev  meet  the  ojitical  surface.    As  these  lines  are  rays,  their 


Fig.  65.— Image  aud  object :  magnification  determined  by  properties  of  the  principal  foci  (Eq.  18). 

course  after  meeting  the  surface  is  determinate.  That  parallel  to  the  axis  will 
pass  through  the  second  principal  focus  F" ,  and  that  from  the  first  principal 
focus  will  be  made  parallel  to  the  axis.  Where  these  two  refracted  rays  meet 
Avill  be  the  focus  conjugate  to  p' ,  and      q"  will  in  this  case  be  —j"- 

Tlie  three  horizontal  lines  of  the  figure  are  parallel.  The  two  j's  are 
within  required  limits  perpendicular  to  them,  hence  the  triangles  on  the  left 
are  all  similar,  and  the  triangles  on  the  right  are  all  similar;  so  we  have  these 
two  equations  from  a  comparison  of  the  sides  of  similar  triangles  : 


(18) 


From  these  two  equations  we  may  learn  where  an  object  must  be  placed  in  order 

that  object  and  image  may  be  equal  and  cosensal.    For  such  a  condition       must  be 

equal  to  1.  This  can  only  be  the  ca.se  in  (18),  where  f  and  are  both  equal  to 
nothing;  therefore  the  only  place  is  at  the  surface  itself,  and  there  object  and  image 
meet  and  are  of  the  same  size.    To  find  where  object  and  image  are  equal  in  size  and 


—  1.    This  condition  is  imjjosed  upon  (18),  when  f  = 


opposite  in  sense,  we  put 

^F'  and  when/^  =  2  i?'^^. 

By  replacing       and        bv  their  equals  from  Equations  14  aud  15,  and  letting 


This  may  be  construed  to 


f  and/^^  each  equal  to  r,  Equation  18  reduces  to  ^ 

3 

mean,  that  when  the  two  images  meet,  as  they  must,  in  the  center  of  the  o])tical  surface, 
their  dimensions  are  proportional  to  the  velocity  of  light  in  the  media  to  which  they 
respectively  correspond. 

For  refraction  it  will  be  seen,  e.  g.,  that  image  and  object  are  cosensal,  but  when,  as 

in  reflection,     =  —f^^^,  'Tr/  =       and  therefore  image  and  object  are  of  opposite  sense 

and  equal  in  size. 

In  practice  the  center  of  a  concave  mirror  may  be  found  by  placing  a  needle  in  its 
vicinity  and  moving  it  until  its  point  is  coincident  with  the  i)oint  of  its  image.  The 
cross-ratio  (see  page  108)  by  which  the  cardinal  points  of  the  mirror  are  connected  with 
the  conjugate  foci  being  -  1,  [nhff^)  is  an  harmonic  range,  and,  any  three  points  being 
given,  the  fourth  may  be  determined  by  the  well-known  formula : 


1 


n  h  fh  f'h 


(19) 


The  graphic  solution  is  convenient,  as  it  may  be  done  with  a  pencil  and  straight- 
edge only.  If  three  consecutive  elements  are  given,  as/',  h,f^  (Fig.  66),  connect  these 
three  points  by  straight  lines  with  any  other  point,  a,  not  in  a  line  with  them.  Through 
any  point  on  the  middle  line  draw  two  diagonals,  as  in  the  figure,  aud  complete  tiie 
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quadrilateral.  Its  fourth  side  will  cut  the  axis  at  u,  the  point  required.  If  one  of  the 
middle  points  of  the  range  is  sought,  as  h,  connect  the  two  contiguous  elements  with 
any  point,  a,  as  before.    Cross  the  triangle  thus  formed  by  any  line  n  c,  put  in  the  two 


Fio.  66.— Graphic  construction  by  which  the  following  questions  are  answered :  Given  the  surface 
of  a  mirror,  what  must  its  curvature  be,  or  where  must  its  center  be  in  order  to  produce  a  picture  of/  at 
/'  or  of/'  at/  ?  Given  the  center,  where  must  the  surface  be  ?  Given  the  mirror  and  the  object,  where 
will  the  image  be?  or  the  mirror  and  the  image,  where  must  the  object  be? 

diagonals,  and  draw  through  their  intersection  the  line  a  h ;  h  is  the  fourth  harmonic 
sought. 

An  analogous  construction  serves  for  surface,  lens,  or  system.  Take  three  points,  c,  d, 
and  e  (Fig.  67),  equally  distant  from  the  line  an,  and  so  placed  that  the  distances  cd 


Fir..  67.— Grapliic  method  for  locating  any  one  of  the  four  cardinal  points  of  an  optical  surface  when 
the  otlier  three  are  known.  .\ny  axis  may  be  i)laced  across  the  pencil  {n  r  d  c  n),  so  that  any  three  points 
shall  fall  on  any  three  of  the  liiies.  The'point  sought  will  be  on  the  other  line.  It  is  only  necessary  in 
the  construction  to  make  c  d  :  c  e  =  y.'  :      ,  and  c  e  parallel  to  a  n. 

and  c  e  are  proportional  to  the  indices  of  the  first  and  last  media.  From  a  through  each 
of  the  other  points  draw  a  line.  The  axis  of  any  optical  surface  may  be  placed  across 
this  pencil  of  four  lines,  so  that  three  of  the  lines  cross  it  at  any  three  cardinal  ])oints. 
The  fourth  point  is  determined  by  the  cross  of  the  axis  a  and  the  fourth  line.  This 
drawing  will  answer  too  for  all  systems  whose  first  and  last  media  are  in  this  ratio. 

Before  proceeding  to  show  that  other  systems  of  more  surfaces  than  one 


Fig.  68.— Tan  a'  :  tan  a"  =/'       (relative  to  "  Helmholtz's  formula"). 

may,  if  their  centers  are  colinear,  be  treated  much  in  the  same  way  as  single 
surfaces,  it  is  necessary  to  prove  Helmholtz's  formula  connecting  tlie  size 
8 


114  GENERAL  OPTICAL  PRINCIPLES. 

of  each  image  witli  the  inclination  to  the  axis  of  any  ray  common  to  them 
all.  Let  /'  a  f"  (Fig.  68)  be  the  ray  between  two  images.  Assuming  the 
figure  to  be  made  up  of  two  right-angle  triangles, 

therefore, 


As  is  evident  from  Fig.  65, 


Jan^=i^  (20) 
tan  o,"     /  ■ 

iZ^  =  Z  (21) 

if"  y 

Substituting  in  Eq.  11  the  values  obtained  from  Eqs.  20  and  21,  we  have  the 
relation  sought : 

H'y  \smct'  ^li"y'  X.ZKva".  (22) 

Here  we  begin  the  study  of  centered  optical  systems  l)y  calling  attention 
to  the  ftict  that  the  geometrical  relations  of  object  and  image  are  such  that  dis- 
tinction is  often  unnecessary  ;  that  an  object  and  its  a  images  arc  frequently 
spoken  of  as  (/;  +  1 )  images ;  and  that  any  image  may  be  considered  object 
or  image  at  convenience. 

The  position  and  size  of  any  image  may  of  course  be  determined  for  any 
number  of  surfaces  by  proceeding  step  by  stej)  from  the  object  to  the  final 
image  through  as  many  refractions  and  reflections  as  are  necessary  to  at^tain 
it.  This  laborious  method  is  avoided  by  the  localization  of  cardinal  points, 
which  fulfil  the  same  function  for  the  system  as  do  those  previously  described 
for  the  single  surface. 

Of  focal  points  for  the  system  this  must  be  said  :  They  are  measured  not 
from  the  first  and  last  surface  (Fig.  69),  but  from  two  principal  points  the 


V 


u  +  1 


Fig.  69.— Foci  of  surfaces  are  measured  from  the  surfaces,  as  F',  h.   Foci  of  systems  are  measured  from 

the  principal  points  of  the  system,  as  F'h'. 


"first"  and  the  "last"  whose  functions  are  described  below,  and  whose  posi- 
tions and  distances  from  their  respective  surfaces  are  designated  by  h'  and  h"^\ 

The  "second"  principal  point,  principal  focus,  principal  plane,  nodal  point,  and  so 
on,  are  properly  so  named  for  a  single  surface,  but  for  a  system  of  surfaces  to  use  the 
ordinal  adjective  thus  is  sometimes  misleading.  We  shall  use  the  term  last  principal 
point  or  (?*  +  l)th  principal  point,  and  so  on,  giving  it  the  ordinal  adjective  and  the  number 
of  primes  that  corresponds  to  the  medium  to  which  it  appertains.  This  is  not  so  much 
an  innovation  as  a  conscientious  adhesion  to  the  spirit  and  method  of  the  notation  and 
nomenclature  in  detail.  Something  is  gained  if  the  accents  on  letters  serve  to  locate 
the  phenomena  to  which  their  existence  is  due.  The  ability  to  locate  other  cardinal 
points — a  set,  in  fact,  for  each  medium  reached  by  waves  that  were  parallel  at  incidence 
on  the  system — may  not  be  of  any  special  importance,  but  it  is  of  advantage  to  have 
characters  systematically  named  and  accented.  It  enables  us  to  read  our  records  aright 
and  to  locate  easily  the  processes  to  which  the  characters  refer. 

The  removal  of  the  origin  for  the  estimation  of  focal  distances  accounts  for  the 
appearance  of     and  h^^''  in  the  denominators  of  Eqs.  23  and  24  {infra).    The  obscurity, 


if  any,  vanishes  when  it  is  remembered  that  h  and  //'^  as  distances  are,  by  convention, 
counted  phis  when  measured  into  the  system  from  the  first  and  hist  surface  respectively, 
i^'s  and  »l>'s,  the  surface  foci,  are  measured  both  right  or  both  left,  each  from  its  surface, 
while  the  S's,  the  foci  for  the  system,  are  measured  both  in  the  same  direction  as  the 
-F's  and  *'s.  This  is  the  reason  whv  in  Eq.  23  has  been  replaced  by  (S*^-//),  while 
in  Eq.  24,        has  been  replaced  by         -  h''') 

We  may  now  proceed  to  the  consideration  of  three  media  separated  bv 
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Fig.  70.— Combined  systems  of  optical  surfaces. 

two  surftices.    In  this  system  are  three  images  (Fig.  70),  and/",  each 

(corresponding  to  light  distribution  in  the  similarly  accented  medium, 
serving  as  image  to  /  by  the  first  surface,  and  as  object  to  the  image  j'"  by 
the  second  surface. 

The  first  principal  focus  of  the  system  is  the  focus  conjugate  by  the  F 
surface  (Fig.  71)  to  the' first  principaffocus  of  the  0  surface.    Changing  the 


Pig  71  _"  The  first  principal  focus  of  the  system  is  the  focus  conjugate  by  the  F  surface  to  the  first  prin- 
■    ■  cipal  focus  of  the  <}>  surface." 

surface  of  reference,  thus  from  one  surface  to  another,  demands,  of  course, 
that  (/)  be  replaced  by  {(1)  —  d).    d,  being  the  distance  between  the  two  surfaces 
_^  /,/)^  is  obtained  from  Eq.  13  by  the  following  substitution,  and,  being 
the  only  unknown  quantity,  its  value  is  immediately  forthcoming : 

(23) 


By  the  same  method  is  obtained 


//// 
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Principal  Planes.— There  are  definite  reasons  for  replacing  the  one  prin- 
cipal point  on  the  pole  of  the  single  surface  by  the  two  points,  h'  and  h'", 
not  necessarily  on  any  surface.  We  may  imagine  a  plane  through  each  car- 
dinal i)oint  perpendicular  to  the  axis  and  designated  by  the  name  of  the 
point.  On  tlie  principul  plane,  which  is  tangent  to  and  w  ithin  required  limits 
is  coincident  with  the  single  surface  (Fig.  72),  the  end  points  of  incident  rays 


a 

 // 

J 

/" 

Figs.  72  and  73— Principal  points  and  planes  as  defined  for  the  surface  and  for  the  system. 


are  arranged  in  a  configuration  that  is  identical  with  the  beginning  points  of 
refracted  or  reflected  rays;  and  it  will  be  remembered  that  conjugate  images 
approach  this  plane  together  until  their  corresponding  points  are  united  each 
to  each  and  the  two  images  become  identical.  No  such  single  plane  can  be 
placed  in  any  system  of  optical  surfaces,  but  two  planes  perpendicular  to  the 
axis  may  always  be  found  such  that  the  configuration  of  end  points  a'  b'  h' 
(Fig.  73)  of  incident  rays  on  one  surface  is  congruent  with  «"+^,  6"+^,  and 
c""*"^,  the  beginning  points  of  reflected  or  refracted  rays  in  the  last  or  (n  +  l)th 
medium,  such  also  that  when  the  first  image  moves  toward  one  of  these  planes 
and  disappears  in  it,  the  final  image  moves  also  toward  the  second  plane  and 
disappears  in  it.  A  little  consideration  \\\\\  convince  the  student  that  if  J, 
the  middle  image  of  the  three  index  system  (Fig.  74),  be  so  placed  that  it  as 


// 

\ 
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V 

Fig.  74.— The  cardinal  points  of  a  three-index  system  :  Above,  h  and  i?,  first  and  last  surfaces  •  K  and 
A'",  first  and  last  principal  points ;  J,  middle  image.  Below,  r  and  ?i,  first  and  last  centers  ;  n'  and  n'"  first 
and  last  nodal  points  ;  0,  optical  center.  ' 


an  object  produces  two  images  (one  by  each  surface)  equal  in  size  and  cosensal, 
these  two  images  will  lie  in  planes  which  answer  the  above  description.  We 
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shall  call  this  middle  image  From  these  planes  along  the  axis  conjugate 
foci  of  the  system  are  measured. 

Whatever  transformations  take  place  within  the  system  are  comparatively  unimport- 
ant if  only  we  may  receive  light  emergent  from  one  plane  apparently  unchanged  since 
its  entrance  at  the  other.  If  also  these  planes  are  so  related  that  the  object  approaches 
one  as  its  image  approaches  the  other,  until  in  size  and  sense  alike  each  disappears  in 
its  plane,  then  the  two  principal  planes  are  quite  fit  to  replace  the  single  plane  of  the 
single  surface,  and  Fig.  78,  which  we  use  here  to  illustrate  the  system,  becomes  exactly 
what  Fig.  72  would  become  if  pulled  apart  and  separated  by  the  distance  between  // 
and  }/^\ 

We  now  proceed  to  find  the  position  of  this  middle  image,  indicating 
principal  foci  as  usual  by  capital  letters,  other  focal  distances  by  small  let- 
ters. Of  course  the  distance  of  the  middle  image  from  the  F  surface  will  be 
indicated  by       its  distance  from  the  0  surface  by  (p". 


From  Eq.  18,  .  1 


Also,  l^^^^^ 


(25) 


Divide  25  by  26,  and  =   ^  JL. . 

By  condition,  =  1  ;      therefore       F"<i>"  =  (^''{'\ 

and  r/  =  C  (26) 

Thus  it  is  seen  that  the  middle  image  will  have  in  the  two  surfaces  con- 
jugates that  are  equal  and  cosensal  if  it  divides  the  middle  medium  into 
parts  proportional  to  the  principal  foci  appertaining  thereto.    If  d  represents 
the  distance  between  the  surfaces  and  /  the  place  of  the  middle  image,  Jh 

d  F" 

will  be  equal  to  S"  ^~^iT.^^0ir    The  conjugate  focal  distance //i' may  be 

found  by  substituting  this  value  for  j"  in  Eq.  13. 

In  like  manner  Eq.  13  applied  to  the  0  surface  will  give  the  value  of  (j)'" 

d  0" 

for  h!"  from  that  of  (p"  =  'jrn^(prr 

It  is  hardly  necessary  to  repeat  that  li'  and  h'"  used  as  magnitudes  define 
the  distances  of  the  principal  points  from  their  surfaces  :  they  are  usually 
considered  positive  when  in  the  middle  medium.  It  is  not  uncommon  to 
give  to  an  optical  system  a  symmetrical  notation,  so  that  the  direction  F'  i^" 
li'  A"  are  considered  positive  when  each  is  measured  from  its  own  principal 
plane  away  from  the  other. 

Optical  Center. — It  remains  for  us  to  determine  what  point  or  points, 
if  any,  may  be  found  along  the  axis  of  the  system  having  properties  like  those 
of  the  centers  of  single  surfaces.  There  is,  generally  speaking,  no  point 
through  which  as  through  a  center  light  will  pass  without  change  of  direc- 
tion. Onlv  in  the  special  case  where  the  centers  of  the  surfaces  are  coin- 
cident can  this  happen.  One  may  assume,  iiowever,  that  somewhere  is  a 
point  so  situated  tliat  light  passing  through  it  will  be  equally  and  oppositely 
refracted  at  the  two  surfaces.  In  this  case  the  first  and  final  paths,  though 
not  necessarily  identical,  must  be  parallel. 

The  optical  center  is  the  name  by  which  this  jioint  is  known,  and  to 
determine  its  place  we  make  use  of  Equation  22.  By  it  the  linear  dimen- 
sions of  0  are  connected  with  those  of  its  first  and  last  image ;  thus, 

fi'y  tan  «^  =  n'^O  tan  u''  =  tan  «^^^  (97) 
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We  may  drop  out  the  middle  terra  of  this  equation,  and  as  tlie  condition 
imposed  is  that  a'  is  equal  to  a'",  the  other  tangents  also  disappear,  giving 

/,y=///'y^  (28) 

the  condition  to  which  we  must  conform  in  locating  the  three  points.  By  the 
usual  notation  we  use  </  to  measure  distances  from  the  tirst  center,  and  y  those 
from  the  second,  and  remember  that — 

,i'F'' =n''F',    and    fi''^0'' =  fi''0'''  ■  (29) 

which  may  he  easily  j)roved. 

Referring  to  Fig.  70,  where  the  distribution  along  the  axis  of  the  cardinal 
points  of  the  two  surfaces  is  shown  in  its  relation  to  0  and  its  two  images,  we 
have  two  expressions  for  the  relative  size  of  each  pair  : 


0   g"  g''-F^ 


jf//  y/// 


(30) 
(31) 

Dropping  out  the  middle  terms  and  multiplying  Eq.  30  by  ft'  and  Eq.  31 

bv  u'", 

0 


o 


(32) 


The  two  right-hand  members  are  equal  by  Eq.  28.  Expressing  the  equality 
of  the  two  left-hand  members  after  substituting  the  numerators  from  Eq.  29 
and  dividing  by  fi" ^ 

g^'  -F'  ~  y"  -  ^^^^ 
By  composition  and  alternation, 


(34) 


Calling  the  distance  between  r  and  we  find  here  again,  for  the  optical 
center  as  for  the  middle  image,  we  must  divide  a  distance  into  parts  propor- 


FiG.  75.— The  optical  center  of  a  lens.   The  cross  of  the  axis  with  a  line  couuectiug  the  surface  ends 

of  two  parallel  radii  is  the  optical  center. 

tional  to  the  principal  foci  of  the  two  surfaces,  but  this  time  we  must  use  the 
principal  foci  for  rays  that  are  parallel  in  the  middle  medium,  \vhereas  before 
we  used  the  principal  foci  for  rays  that  were  parallel  outside  the  middle 
medium. 
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In  a  three-indox  system  the  optical  center,  and  in  the  lens,  where  the  first 
and  hist  media  are  the  same,  both  middle  image  and  optical  center  can  be 
located  geometrically,  as  in  Fig.  75.  The  surface  ends  of  any  two  parallel 
radii  are  connected  by  a  straight  line ;  its  cross  with  the  axis  is  the  optical 
center  of  the  lens. 

The  image  of  the  optical  center  in  each  surface  gives  the  nodal  point  cor- 
responding to  that  surface  ;  it  may  be  found  by  Eq.  l^i  as  above,  remembering 
that 


and  that 


and 


=  7 


(35) 


g//  +  r=f^    and    y^^  +  p^-(p^' 


These  two  points  are  called  nodal  points,  and  transformations  of  waves  and 
rays  incident  to  the  passage  of  liglit  from  one  of  these  points  to  the  other 
may  in  many  cases  be  ignored,  for  we  know  that  what  goes  into  the  system 
as  if  directed  to  n'  M  ill  come  out  unchanged  in  direction  as  if  from  7i"'.  So 
here,  again,  we  have,  as  in  the  case  of  the  principal  points,  lost  space,  and 
the  geometrical  constructions  which  give  gra})hic  solutions  with  single  sur- 


/r-  ^-  h"    »'»'"  F" 

Fig.  76.— Construction  for  findinpr  the  conjugate  to  any  radiant  when  the  cardinal  points  are  known. 
A  is  the  axis  of  an  optical  surface :  R,  the  axis  of  a  system  of  surfaces.  Cardinal  planes  are  indicated  by 
the  usual  letters.  Cardinal  points  are  where  those  planes  intersect  the  axes.  To  find  the  conjugate  of 
any  radiant/  in  the  surface  A,  draw  two  rays,  one  parallel  to  the  axis,  one  through  the  center  of  the 
surface.  The  former  after  refraction  must  jiass  through  the  principal  focus:  therefore  its  path  is  deter- 
mined. The  direction  of  the  latter  is  unchanged  liy  refraction.  Its  cross  with  the  first  ray  is  the  focus 
J"  conjugate  to  /.  For  a  system  the  method  is  the  same,  except  that  for  incident  rays  the  surface  and 
center  are  replaced  by  tlie  tir^t  principal  plane  and  first  ni)dal  point.  Refracted  rays  are  drawn  from 
the  last  principal  plane  and  last  nodal  point.  It  will  be  noticed  tliat  the  second  picture  is  identical  with 
the  first,  except  that  all  the  lines  have  parted  either  at  the  surface  or  the  center,  and  the  diagram  has 
been  lengthened  by  the  break  an  amount  equal  to  n'  n'". 

faces  may  be  used  equally  well  for  systems ;  but  every  picture  thus  formed 
will  be  broken  in  two,  some  of  its  lines  parting  at  the  principal  plane,  some 
at  the  center.  The  two  halves  being  sei)arated  by  tran.slatiou  parallel  to  the 
axis,  there  will  result  a  similar  construction,  exce])t  that  the  surface  li  takes 
on  a  finite  thickness  equal  to  h'  /?/",  and  the  center  n  instead  of  being  a  point 
is  stretched  out  into  a  line,  reaching  from  n'  to  n'",  and  equal  in  length 
to  h'  h'". 

It  is  hardly  possible  in  an  article  as  short  as  this  must  be  to  include  rigid 
demonstrations  of  everything  necessary  to  its  usefulness.  Little,  so  far,  has 
been  omitted  which  was  necessary  to  show  both  geometrical  and  functional 
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relations  existing  between  the  cardinal  points  of  the  optical  system  and  the 
center,  the  pole,  and  the  two  foci  of  the  single  surface. 

The  student  who  desires  to  pursue  the  matter  in  tlie  same  thorough  manner 
must  be  referred  to  Helmholtz  for  wliatever  of  proof  is  omitted  from  the 
remaining  pages. 

By  a  continuation  of  tiie  metiiods  used  above  it  can  be  proved  that  when 
the  principal  points  are  located  for  any  system  of  two  surfaces,  and  when  the 
principal  foci  of  the  system  are  measured  from  these  points ;  tliat  when  the 
nodal  points  are  placed,  and  y',  and  cj'"  be  used  as  above  to  indicate 

distances  from  tliem  ;  and  when,  as  in  Eq.  17,  u'  and  u"  are  used  to  measure 
distances  away  from  tlie  center,  with  tlie  principal  foci  as  origins, — then  not 
only  E([.  13,  but  also  Ei[s.  17  and  ]<S,  apply  equally  well  to  the  system  as  to 
the  surface,  if  only  allowance  be  made  for  the  lost  space  between  the  prin- 
cipal planes  and  between  nodal  points. 

This  fact  is  of  great  practical  utility,  as  it  gives  no  restriction  at  all  in 
cases  where  the  thickness  of  the  lens  is  small  as  compared  with  its  focal 
length.  In  most  of  the  cases  where  spectacles  are  used  the  thickness  of  the 
glass  may  be  ignored.  When  we  add  to  this  statement  the  extension  w^hich 
is  warranted  by  fact  that  not  only  may  surfaces  be  compounded  into  systems 
Avithout  change  of  properties,  but  these  systems  still  further  comi)ounded,  the 
one  with  the  other,  it  \\\\\  appear  that  for  every  set  of  surfaces,  however 
many  in  number,  an  equivalent  set  of  eight  ])oints  may  be  determined  as 
follows :  The  optical  center,  the  middle  image,  the  two  priacipal  pointt<,  the 
two  nodal  points,  and  the  two  foci. 

The  following  formulre  give  the  places  of  the  cardinal  p)oint}i  where  three 
media  are  concerned.  They  are  applicable  to  media  separated  either  by 
surfaces  or  systems,  if  only  it  be  remembered  to  measure  d  from  the  last  j)rin- 
cipal  point  of  the  first  medium  to  the  first  principal  point  of  the  last  medium, 
and  to  measure  the  distance  between  nodal  points  of  the  component  systems 
in  like  manner. 

In  Fig.  74,  where  d  is  h  rj  and  (J  is  n  v,  we  may  let  x'  and  x"  represent  the 
sections  of    by  J,  and  y'  and  //"  the  sections  of  o  by  O.    (See  also  Eig.  70.) 
Tlie  middle  image  J  divides  the  distance  d  into  x'  and  x"  : 

*-r/       I  ^^^^ 


The  optical  center  divides  the  distance  o  into  y'  and  y" 

0,, -,.//_   'P''''^   _     fi'''0''6  \ 


(37) 


From  Fig.  75  it  is  easily  proved  that  d  and  d  are  similarly  divided  by  0. 
We  may  therefore  substitute  d  for  d,  h  for  ??,  and  f]  for  v  in  Equations^  37, 
and  so  obtain  the  formulae  for  the  position  of  the  optical  center  as  measured 
from  the  two  surfaces. 

Principal  Points. — h'  and  ///"  as  linear  magnitudes  are  positive  when 
measured  from  /;  and  r^,  the  extremes  of  d  toward  the  middle  medium  : 


t"0"  _  \  ^^^^ 

0" ~  x"~ F" ~d  J 
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^  Principal  Foci. — 9*'  and  are  considered  positive  when  each  principal 
poiut  comes  between  its  focus  and  the  other  principal  point : 


(39) 


Nodal  points,  n'  and  n'",  are  measured  inward  from  the  extremities  of  d : 


n 


/// . 


A^//  +  9./  -  3.///  =  ^'''^ + ^'-^ - 


(40) 


From  these  last  equations,  by  the  substitution  of  the  values  of  the  F'a 
and  the  ^>'s,  as  obtained  by  Eqs.  14  and  15,  are  deduced  the  simplest  expres- 
sions for  the  cardinal  points  of  any  system.  They  How  from  the  above 
equations  without  complication  or  difficulty,  and  are  obtained  by  the  ordinary 
processes  of  elimination.  Expressed  in  terms  of  ^i' fi" }i"'v  and  />,  they  reduce 
to  vulgar  fractions  having 

for  a  common  denominator.  This  term,  being  constant  for  the  system,  may 
be  calculated  once  for  all,  and  so  is  abbreviated  to  iV,  there  being  no  phys- 
ical si(>:nificance  here  intended.  It  is  merelv  an  abbreviation  borrowed  from 
Helmholtz. 

These  are  the  values  : 


9'  = 


N 


N 


n' 


n 


/// 


/z^(/z^^ -  /j.^^^)rd  +  fJ.^^(/^^^''  -lJL')rp 
'  N 

_fi''^{fi^ -H'')p  d  +  fJ.^^{u^-/J-^^^)rp 
N 


in'^-li^)(n'''-li''){r-p-d) 
N 


(42) 
(43) 

(44) 
(45) 


Eqs.  39  to  45  may  be  used  without  restriction. 

These  general  formulae  may  be  much  simplified  by  the  imposing  of  cer- 
tain conditions  which  often  occur  in  practice.  Thus,  if  the  middle  medium 
is  very  thin,  d  may  be  considered  equal  to  o.  In  that  case  H  is  also  equal 
to  o,  and  h,  h',  J,  h'",  and  7]  all  coincide  ;  so  the  last  term  in  N  disappears,  and 
our  system  is  practically  described  by  the  two  values  of  3-'  and  9*'".  The 
first  two  terms  only  of  their  denominators  being  left,  we  write  in  full,  as 
follows  : 


3«^  = 


fi'rp 


3" 


//  — 


li'"r  p 


(46) 


If  both  radii  are  now  supposed  alike,  the  middle  medium  drops  out  of  the 
account, 


3''  = 


(47) 
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and  we  have  a  single  optical  siirflice  between  the  first  and  third  medium  a 
condition  realized  in  the  passage  of  liglit  through  the  cornea  and  aqueous. 

A  still  more  important  condition  that  may  be  imposed  on  a  system  of  two 
surfaces  is  that  the  first  and  last  media  shall  have  the  same  index.  This  gives 
the  lens  proper. 

The  I,ens.— It  would  seem  the  part  of  wisdom  to  confine  the  term  "lens 
to  such  combinations,  and  to  use  the  word  "  system  "  for  others.  In  this  way  a 
distinction  is  made  which  is  in  keeping  with  the  derivation  of  the  Avord  and 
with  ordinarv  mechanical  constructions,  and  which  is  continually  in  evidence 
through  the 'simplicity  of  the  resulting  formuhe,  while  a  lens  that  is  used  as 
a  window  between  two  different  media  is  such  only  in  name,  and  the  name  so 
used  is  definitive  only  of  a  triviality.  We  shall*  use  the  word  "  lens  "  only 
for  two-index  systems.  The  crystalline  lens  of  the  eye  is  not  excluded  from 
this  cateijorv,  as  the  aqueous  and  vitreous  are  of  the  same  refractive  power. 

Reducing  Eq.  41  to  45  by  letting  ii'"  =^fi',  we  have  the  formulae  charac- 
teristic of  lenses  : 


h'  =  n'  =  


(49) 


If-  d   {f^''-f^'){d  +  p-r)  (5Q ) 

Fig.  77,  illustrative  of  the  preceding  paragraphs,  shows  the  disposition  along  the 
axis  of  the  cardinal  points  of  several  optical  systems.  «  is  a  single  optical  surface,  and 
to  it  corresponds  the  aphakic  eye  and  the  schematic  eye  of  Listing,  b  is  the  general  case 
of  two  surfaces  separating  three  media,  all  of  different  indices.  In  this  the  nodal  points 
and  the  principal  points  are  not  identical,  c  is  a  true  lens  as  described  above,  in  form 
resembling  the  crystalline.  In  it,  as  in  defg,  other  lenses,  principal  points,  and  nodal 
points  coincide,  and  it  maybe  noted  that,  assuming  fi'^  fi^  and  d  less  than  r  +  p,  positive 
lenses  are  thicker  in  the  middle. 

Double  convex  and  double  concave  lenses  have  their  principal  points  between  the 
curved  surfaces.  In  plano-convex  and  plano-concave  lenses  //,  A'^^,  and  J  all  come 
together  on  the  curved  surface.  In  the  meniscus  they  pass  out  of  the  substance  of  the 
lens  and  arrange  themselves  in  the  medium  farthest  from  the  centers  of  curvature. 

j  corresponds  to  the  human  eye,  k  to  the  eye  with  a  spectacle  lens  before  it. 

The  continuity  of  a  series  of  systems  is  seen  by  looking,  for  example,  at 
system  b,  and  noting  that  the  point  3*'"  in  the  relevant  formulie  is  such  a 
function  of  and  p  that  one  may  be  increased  as  the  other  is  decreased 
without  altering  the  place  of  S*'"  ;  so  that  wherever  in  a  system  of  three 
media  happens  to  be  placed  by  making  the  compensatory  changes  in  p 
and  p'",  p'"  may  be  brought  to  be  equal  to  p"  without  altering  the  places 
of  the  principal  foci.  In  this  way,  without  changing  the  disposition  of  the 
foci,  h'"  may  be  varied  until  it  is  equal  to  /•,  in  which  case  h'  will  be  equal 
to  nothing.  In  other  words,  the  single  surface  may  be  treated  as  a  system 
in  which  the  third  index  of  refraction  is  equal  to  the  second,  and  whose 
second  surface  has  an  infinite  curvature,  and  whose  center  and  surface  are 
both  coincident  with  the  center  of  the  first  surface.  Such  a  substitution  of 
values  may  always  be  made  in  the  use  of  Eqs.  47  to  50,  where  one  of  the 
component  systems  is  a  single  surface. 

The  Diopter. — Consistent  with  any  scheme  that  measures  the  direction 
of  light-propagation  as  positive,  the  (!urvature  of  the  wave  is  considered  posi- 
tive when  its  center  is  in  front  of  it,  for  its  radius  must  be  then  positive,  and  so, 


I 
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^vlu'tluT  mirror,  refracting  surface,  or  sys- 
tem, its  strength  as  an  optical  factor  is  esti- 
mated bv  the  curve  of  the  wave,  the  con- 
vergence of  the  rays  tliat  may  be  produced 
by  it.    The  unit  which  is  now  universally 
and  almost  exclusively  used  in  the  esti- 
mation of  the  strength  of  lenses  is  the 
diopter,  suggested  by  Nagel  and  named  l)y 
Monoyer.    It  is  to  the  credit  of  ophthal- 
mologists that  in  their  optical  work  inches 
are  being  fast  forgotten.    Lenses  are  thus 
described  by  giving  to  each  the  reciprocal 
of  its  focal  length  in  meters,  and  placing 
l)efore  this  number  the  sign  -|-  or  —  to 
denote  whether  it  has  a  real  or  virtual 
focus  for  parallel  rays.    The  convenience 
of  this  method  is  its  chief  recommendation, 
as  combinations  of  lenses  are  subject  to 
computation  by  simple  addition  in  au  all 
but   universal   standard  of  measurement, 
instead  of  requiring  pencil  and  paper  com- 
putations in  terms  that  are  none  too  rapidly 
becoming  archaic. 

The /oca/  length  of  a  lens  whose  dioptric 
number  is  given  is  of  course  the  reciprocal 
of  that  number  in  meters,  or  one  hundred 
times  that  reciprocal  in  centimeters. 

In  comparing  the  two  systems  it  may  be  said 
of  one  that  it  designates  the  lenses  by  their  focal 
lengths  in  inches,  the  other  gives  to  a  lens  its 
additive  value  in  diopters.  To  reduce  accurately 
from  either  system  to  the  other,  one  divides  39.37 
by  the  number  of  the  lens.  A  sufficient  approx- 
imation for  all  test-case  examples  is  to  use  40  as 
the  dividend.  Thus  a  glass  of  8-inch  focus  is 
equal  to  5  diopters.  A  three-diopter  lens  has  a 
focal  distance  of  one-third  of  a  meter — that  is,  33 
cm. — or,  if  its  old  number  in  inches  is  desired, 
divide  40  by  3.  It  is  approximately  No.  13; 
accurately,  it  is  13.123,  unless  the  method  of 
calculation  has  proved  superior  to  the  method  of 
its  original  manufacture  and  measurement,  which 
for  ordinary  spectacle  lenses  is  quite  likely  to  be 
the  case. 

For  all  thin  lenses  the  distance  between  the 
principal  planes  may  be  ignored,  and  the  equa- 
tions that  have  been  used  for  surfaces  may  be 
used  without  restriction  ;  and  in  their  use  they 
admit  of  such  simplification  as  comes  from  \mt- 
X\x\gB'  =  =  S'^^  There  are  but  three 
cardinal  points  to  such  a  lens.  The  yniddle 
image,  the  optical  center,  the  two  nodal  points,  and 
the  ivio  principal  points  are  all  united  in  a  single 
point  halfway  between  the  two  principal  foci. 

The  strength  or  power  of  a  lens  is  the 
convergence  that  it  can  produce  in  })arallel 
rays.  It  is  also  the  curvature  it  can  give 
to  a  plane  wave  that  passes  through  it ;  it 
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Fig.  77.— Showing  the  rcliitivc  positions 
of  the  principal  points  and  nodal  points 
for  different  systems  of  surfaces. 
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is  also  the  reciprocal  of  its  focal  distance.  Either  one  of  these  defin- 
itions implies  the  other.  Whichever  way  it  is  defined,—  is  its  meas- 
ure. Tiiis  definition  must  be  modified  for  a  single  surface  or  a  system 
other  than  a  lens.  The  dioptric  strength  of  such  a  system  is  consistently 
considered  to  be  the  measure  of  the  curvature  in  air  or  vacuum  which  it  ^yill 
impress  on  a  wave  that  was  flat  before  reaching  it.  Some  such  convention 
must  be  adoi)ted,  as  the  convergence  produced  is  greater  on  the  side  of  the 
lesser  index,  though  the  system  is  the  same  (Fig.  78).    With  this  limitation 


Fig.  78.— For  a  single  surface  the  convergence  produced  in  parallel  rays  is  greater  on  the  side  of  the 

lesser  index. 

we  can  evaluate  systems  as  well  as  lenses  in  diopters,  and  the  value  will  be 
the  index  of  the  last  medium  divided  by  the  length  of  the  principal  focus  in 
that  medium.  With  this  convention  the  dioptric  value  of  a  system  is  the 
same  for  light  travelling  in  either  direction. 

It  is  hardly  necessary  to  define  further  the  word  "  focus,"  or  the  word 
"conjugate,"  which  has  been  used  so  often  to  signify  that  two  points  or  two 
configurations  of  points  are  associated  as  object  and  image  through  the  agency 
of  some  surface  or  system. 

Virtual  and  Real  Images. — But  the  distinction  of  virtual  and  ?'ea?has 
not  been  mentioned  thus  far  in  relation  to  foci  and  images.  A  focus  or  image 
is  real  when  it  is  a  place  from  which  light  really  emanates  or  to  which  it 
actually  attains.  It  is  virtual  when  the  physical  conditions  that  it  repre- 
sents, though  having  no  real  existence,  are  such  that  they  would  account  for 
the  rea(!tions  taking  place  at  some  other  point  if  there  were  no  break  in  the 
homogeneity  of  the  intervening  medium. 

Thus  we  see  in  Fig.  79  light  from  any  point  of  falls  on  the  screen  as  if  coming 
from  y^^^,  though  no  light-waves  or  rays  enter  the  medium  behind  the  reflecting  surface. 

Again,  were  the  surface  a  refracting  surface,  the 
light  would  fall  on  the  screen  k^^  as  if  coming  from 
the  virtual  image  of  f,  though  none  of  the 
waves  that  are  disposed  as  if  coming  from^''^  are  in 
the  medium  in  which  j^^  is  placed.  We  may  say, 
consistently  with  the  notation  of  this  article,  that 


Fig.  79.— Virtual  images  of  J'§,  /'  by  refrac- 
tions,/" by  refractions. 


Fig.  80.— Virtual  focus  of  concave  Ions. 


when  the  image  j  finds  itself  in  a  medium  whose  accents  are  different  from  its  own,  the 
image  is  virtual.  Examples  of  real  images  are  seen  in  Figs.  72,  73,  and  78.  Fig.  80 
shows  a  concave  lens  with  its  virtual  focus  at  3*'^^. 
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We  take  note  here  that  the  general  forms  of  the  lenses  given  in  Fig.  77 
may  be  described  by  the  following  terms  :  Double  convex,  double  concave, 
plano-convex,  plano-concave,  concavo-convex,  or  convexo-concave;  the  last 
variety  when  thinnest  on  the  edges  is  called  a  meniscus. 

Applying  Eqs.  48  to  50  to  obtain  the  characteristic  properties  of  this 
group,  one  easily  proves  that  the  principal  points  of  the  double  convex  and 
the  double  concave  variety  are  between  the  two  surfaces ;  that  in  the  piano- 
lenses  they  are  both  united  on  the  curved  surface ;  tiiat  for  the  concavo-con- 
vex type  they  pass  out  of  the  substance  of  the  lens  on  the  side  of  the  greater 
curvature. 

It  will  be  found  also  that  when  radii,  surfaces,  and  indices  are  so  arranged 
that  the  strength  of  the  lens  is  negative — that  is,  when  the  lens  has  a  virtual 
focus  W  falling  on  the  left  in  the  figure  and  W  on  the  right — then  and 
h'"  are  also  transposed,  each  being  found  between  the  other  and  its  own  prin- 
cipal focus.  With  one  exception  the  lenses  that  are  thickest  in  the  middle 
are  of  positive  focal  length,  and  all  positive  lenses  whose  index  is  greater 
than  that  of  the  surroundins;  medium  are  thicker  in  the  middle  than  at  the 
edges.  The  one  exception  of  a  minus  lens  that  is  thinner  at  the  edges  occurs 
when  r  is  greater  than  p,  when  d  is  greater  than  the  distance  between  the 
centers,  and  when  fx"  (/> — r)  is  algebraically  less  than  {[jl"  —  (JL')d.  Equation 
49  will  under  such  conditions  give  a  minus  value  for 

The  liuman  eye,  as  has  been  said,  is  a  centered  system  of  optical  sur- 
faces like  that  given  in  Fig.  77  {j).  We  copy  here  from  Czapski's  table  of 
dimensions  and  constants,  given  for  reference  in  his 
book  on  optical  instruments,  where  figures  collected 
from  various  sources  by  Helmholtz  furnish  what 
might  be  called  a  composite  reproduction  of  the 
type,  and  where  also  are  tabulated  the  results  of  care- 
ful measurements  and  calculations  in  a  single  case  by 
Tscherning.  Along  the  vertical  line  of  Fig.  81  are 
the  cardinal  points  and  other  points  of  interest  as 
arranged  on  the  axis  of  the  eye.  Between  cornea 
and  retina  the  spaces  are  correctly  given  on  an 
enlarged  scale  of  2.5  to  1.  All  distances  are  in 
meters,  so  that  when  applied  to  use  in  the  above 
formulae  the  strength  of  a  lens  or  system  will  be 
expressed  in  the  diopter,  the  familiar  unit  of  the  test- 
case. 
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The  cases  in  which  practice  suggests  or  renders  useful 
the  application  of  the  above  formula?  are  not  infrequent. 
We  mention  only  two :  One  a  case  of  axial  myopia  in  which 
a  supposition  tluit  the  dioptric  system  of  the  eye  has  remained 
the  same,  hut  the  retina  has  been  displaced  backward  an 
amount  which  is  easily  calculated  from  the  strength  of  the 
glass  needed  to  give  clistinct  distant  vision.  Suppose  the 
size  of  the  retinal  image  is  required  for  the  corrected  eye. 
The  correcting  lens  is  usually  made  as  thin  as  possible; 
hence  its  optical  center  and  all  the  cardinal  points  except 
the  two  foci  are  at  its  geometrical  center.    F'^  is  minus, 
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Fig.  81.— The  cardinal 
points  of  the  human  eye, 
measured  from  the  cornea. 
From  cornea  to  retina,  en- 
larged to  a  scale  of  2.5 : 1. 


and,  measured  along  the  axis,  F^  is  plus;  d  is  the  distance 
of  the  correcting  lens  from  the  cornea  added  to  0.0017532, 
the  distance  of  the  cornea  in  front  of  of  the  eye.  Both 
foci  of  the  emmetropic  eye  may  be  obtained  from  the  table, 
and  thus  the  figures  are  all  obtainable  for  getting  principal 

points  and  nodal  points  for  the  complete  system  through  the  application  of  formulae 
36  to  41. 
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Another  interesting  case  occurs  where  the  lens  has  been  removed  and  a  strong  plus 
glaiis  is  worn.  The  nodal  points  of  the  ghiss  may  be  cak-ulated  without  dithculty,  or, 
if  used  for  reading,  a  phuio-convex,  with  the  Hat  side  in  front,  will  be  acceptable  to  the 
patient,  and  its  no(hil  points  are  on  the  convex  surface. 

Tlie  surface  of  tlie  cornea  is  tlie  principal  point  of  the  eye,  and  its  curvature  read 
from  the  ophthalmometer  locates  its  center,  which  is  the  nodal  point  for  the  aphakic 
eye,  or  this  center  may  be  assumed  to  be  like  the  average  and  supplied  from  Fig.  81. 

It  can  be  hardly  thougiit  necessary  to  o;iii(le  the  student  fortlier,  as  he  has 
now  all  the  points  of  the  component  systems  which  are  required  to  give  the 
(cardinal  points  of  the  equivalent  or  resultant  system,  and  tliese  being  found, 
the  magnification  is  forthcoming  by  Eq.  LS  or  Eq.  20. 

Astigmatic  Surfaces  and  Pencils. — We  pass  now  to  a  very  brief 
consideration  of  astigmatic  surfaces  and  pencils.  We  have  thus  far  assumed 
that  the  optical  surfaces  were  spherical — that  is  to  say,  surfaces  of  revolution 
about  their  common  axis,  and  whose  principal  sections  were  circular. 

It  happens  that  such  is  not  always  the  case.  Imperfections  of  the  cornea 
or  lens  give  for  the  surfaces  of  the  eye  itself  imperfect  approaches  to  sphericity  ; 
and  even  if  that  were  not  so,  a  displacement  of  any  center  or  radiant  focus 
from  the  axis  of  the  system  produces  the  same  ciiange  in  the  transmitted 
or  rcHccted  pencil  that  would  result  from  imperfect  curvature  of  the  sur- 
face. 

For  the  small  pencils  with  which  we  deal  there  is  only  one  form  of  astig- 
matism. It  is  that  which  would  be  given  to  a  pencil  of  light  by  the  optical 
action  of  a  toric  surface.  A  sphere  is  the  surface  developed  by  the  revolution 
of  a  circle  about  one  of  its  diameters.  A  torus  is  developed  by  the  revolution 
of  a  circle  about  any  line  that  is  in  the  same  plane,  but  not  a  diameter. 
Roughly  speaking,  when  the  axial  line  is  a  cord  the  torus  is  shaped  like  an 
apple  with  a  dimple  in  its  blossom  end  equal  to  that  in  its  stem  end.  When 
the  axial  line  is  not  a  cord,  the  torus  is  like  an  anchor  ring.  When  the  line 
is  at  an  infinite  distance  from  the  circle  tlie  toric  surface  is  a  cylinder. 

The  toric  lenses  in  use  are  supposed  to  be  such  as  might  be  sliced  from  a 
toric  surface  by  a  plane  parallel  to  its  axis  of  development.  Such  a  lens  is 
centered  optically  when  both  its  centers,  the  center  of  the  circle  and  the  cen- 
ter about  which  in  its  development  the  circle  revolves,  are  on  the  axis  of  the 
system. 

It  will  need  but  little  consideration  to  convince  the  reader  that  in  two 
different  sections  of  such  a  surface  the  problems  relative  to  the  transmission 
of  light  will  be  exactly  similar  to  those  which  we  have  just  considered  as  true 
for  any  plane  whatever  of  the  spherical  surface. 

A  plane  section  of  the  toric  surface  may  be  taken  jicrpendicular  to  the 
circumference  of  the  developing  circle,  or  coincident  with  that  circumference, 
and  in  either  case  it  will  be  a  circular  section.  In  one  (!ase  it  will  be  the  sec- 
tion of  least,  and  in  the  other  the  section  of  greatest,  curvature,  with  foci  cor- 
respondingly shorter  and  longer  than  in  other  sections ;  and  in  each  case  may 
the  optical  conditions  be  described  and  determined  by  the  same  laws  and  for- 
mulae as  those  previously  considered  for  a  spherical  surface,  which  is  a  sur- 
face of  circular  section. 

The  section  of  the  toric  surface  through  its  two  centers,  both  of  which  we 
suppose  to  be  on  the  axis  of  our  optical  system,  may  take  place  through  a 
meridian  not  coincident  with  the  section  of  greatest  or  least  curvature,  and 
then  consecutive  rays  from  any  axial  ))oint  will  not  be  reunited  by  this  sur- 
face on  the  axis,  but  near  it.  The  result  is  that  an  axial  ]iencil  directly  inci- 
dent on  such  a  surface  has  the  characteristics  that  are  ])ortrayed  by  Ficr.  82 
showing  the  general  form  of  the  pencil  from  Aubert,  and  the  distribution  of 
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its  coniponent  rays  as  in  a  diagram  by  Edward  Jackson  from  Norris  and 
Oliver's  ^Sydem  of  Di.scd.sc.s  of  the  Eife. 

The  point  along  the  axis  that  can  be  most  satisfactorily  utilized  as  a  focal 
[)oint  is  at  t\  in  the  figure.  It  is  the  place  where  the  rays  are  collected  into 
the  smallest  bundle.  It  is  called  "  the  circle  of  least  confusion,"  and  its 
place  between  t\  and  F.^  divides  that  distance  in  such  ratio  that  it  is  a  fourth 


Fig.  82.— Showing  the  distribution  of  rays  and  focal  lines  in  un  astigmatic  pencil  (/;  F^^F^Fi)^  —  !. 


harmonic  to  and  F.^.  Consequently,  it  is  determined  by  the  same  fornuil8& 
and  constructions  that  are  used  to  locate  the  conjugate  foci  in  a  spherical 
mirror  (see  pp.  108  and  113). 

Astigtnatism  is  usually  an  anomaly  and  not  a  desideratum.  It  is  meas- 
ured and  discussed  in  terms  of  the  diopter,  which  have  proved  equally  use- 
ful whether  applied  to  pencils  or  lenses. 

The  amount  of  astigmatism  is  the  strength  of  a  lens  which  under  ordinary 
optical  conditions  would  change  the  convergence  of  the  meridian  of  least  to 
that  of  greatest  curvature,  or  vice  versd.  The  correcting  lens  must  be  essen- 
tially a  toric,  and  one  also  whose  focal  anomaly  is  exactly  equal  and  opposite 
to  that  of  the  pencil  to  be  corrected.  For  simplicity  the  cylinder  is  usually 
chosen,  and,  having  only  oue  finite  focus,  it  is  designated  by  the  dioptric  value 
of  the  correction  required. 

In  correcting  the  anomalies  of  refraction  and  accommodation  it  is  not  in 
general  possible  to  use  a  simple  lens,  either  cylinder  or  sphere.  One  gives 
the  cylinder  nece.>^sary  to  make  either  of  the  extreme  foci  coincident  with  the 
other,  and  then  adds  whatever  of  spherical  correction  is  required.  The  par- 
ticular combination  of  cylinder  and  s[)here  that  is  used  is  more  a  matter  of 
commercial  than  of  physiological  interest. 

The  astigmatism  that  has  been  described  as  produced  by  a  toric  lens  is 
the  only  kind  that  has  been  succes.sfully  and  systematically  corrected.  It  is 
for  "thin  pencils"  the  only  kind  that  exists,  and  for  pencils  as  large  as  may 
enter  the  pupil  it  is  the  only  kind  that  merits  attention,  aberration  being  so 
well  known  by  its  own  name  as  to  be  considered,  if  at  all,  under  a  separate 
head. 

The  classification  of  astigmatism  into  simple,"  compound myopic," 
hyperopic,"  and  so  on  may  have  its  clinical  advantages,  but  it  seems  to 
the  writer  to  be  of  very  doubtful  propriety.  We  deal  only  with  one  kind  of 
a.stigmatism.  It  may  have  its  existence  in  a  my()))i(i  eye,  a  jmper-weight,  or 
in  the  glass  door  of  a  Gothic  house,  but  a  nomenclature  that  takes  cognizance 
of  such  facts  is  confusing  to  the  novice  unless  he  clearly  understands  that  the 
astigmatism  and  its  method  of  correction  is  the  same  in  every  case. 

For  those  who  find  it  convenient  to  (classify  astigmatism  by  its  associated 
anomalies  it  may  be  stated  that  when  the  retina  of  the  eye  at  rest  falls  behind 
the  posterior  focal  line,  the  condition  is  what  is  called  '^compound  myopic 
asfigmati-wi;"  when  it  falls  on  the  posterior  focal  line,  it  is  called  ^' simp/e 
myopic  astigmatism  ;"  when  it  falls  between  the  two  focal  lines,  it  is  called 
"  mixed  astigmatism." 
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When  the  retina  passes  through  the  first  focal  line  it  is  called  "  simple 
hi/peropic  astigmatism,"  and  when  in  front  of  both  focal  lines  the^anomaly 
is  said  to  be  "compound  hi/peropic  astigmatism"  (see  also  p.  227).  This 
oiinibrous  and  useless  attempt  at  precision,  as  it  is  usually  taught,  merely 
serves  to  conceal  tlie  fact  that  tliere  is  a  point  on  the  axis  between  the  first 
and  second  focal  lines  through  which  the  retina  must  pass  to  obtain  the  best 
image  compatible  with  that  particular  degree  of  astigmatism. 

The  construction  for  finding  this  j)()iiit  has  been  given  above.  The  dis- 
tribution aloui?  the  axis  of  the  four  letters  in  Fig.  82  is  h  R,  :  h  = 
—  :  F,F,,\^Y,  briefly,  (//  F,  FJ\)  = —\.  When  the  retina  of  the  eye  at 
rest  passes  through  this  point  {F^),  the  case  should  be  considered  simply  as 
one  of  astigmatism.  If  the  retina  passes  behind  this  point,  there  is  myopia 
as  well  ;  if  in  front  of  it,  hyj^ermetropia. 

The  glasses  found  in  most  trial  cases  for  the  correction  of  astigmatism 
are  cylinders  in  pairs,  both  plus  and  minus,  quarter  numbers  to  2.50,  and 
half  iuunbers  to  6.  The  spherical  lenses  are  usually  in  quarter  numbers  to 
2.50,  half  numbers  to  7,  whole  numbers  to  14,  and  then  increasing  two  diopters 
at  a  step  to  20  or  22,  a  i)air  each  of  both  kinds,  plus  and  minus,  the  cylin- 
ders usually  piano-cylinders,  the  sphericals  double  convex  or  double  con- 
cave. 

Optic  Axis  ;  I/ine  of  Vision  ;  I/ine  of  Fixation ;  I^ine  of  Sight. — 

AVe  have  spoken  of  the  eye  as  a  centered  system,  and  such  it  is  in  type.  Its 
principal  points,  its  nodal  ])oints,  its  center  of  motion,  as  well  as  the  cardinal 
points  of  the  lens,  are  usually  all  on  one  line  or  nearly  so.  This  line  is  called 
the  optic  axis.  It  is  a])j)roximately  the  axis  of  symmetry  for  the  whole 
organ.  It  is  sometimes  the  case  that  the  macula,  the  center  of  the  most  acute 
perceptive  power,  is  directly  in  this  line,  but  oftener  it  is  not.  When  the 
optic  axis  passes  through  the  macula,  it  is  the  line  of  vision  as  well,  meaning 
by  the  line  of  vision  or  the  line  of  sight  the  line  on  which  the  object  must  be 
placed  in  order  that  the  visual  act  should  be  most  advantageously  performed. 
Under  these  circumstances  also  the  0])tic  axis  is  the  line  of  fixation,  for  it  is 
the  line  passing  through  the  center  of  motion  and  indicative  of  the  eye's 
position  or  aim. 

An  excentric  position  of  the  macula  lutea  is  so  common  as  to  be  the  rule 
rather  than  the  exception.  It  is  usually  toward  the  outer  side  of  the  optic 
axis.  Consecjuently,  the  line  of  vision  is  no  longer  coincident  with  that  axis, 
but  crosses  it  with  a  slight  "■  fault "  at  the  nodal  points,  and  the  line  of  fixa- 
tion connecting  the  center  of  motion  of  the  eye  with  the  object  on  which  it  is 
trained  has  now  a  position  which  differs  from  the  optic  axis  almost  as  much 
as  the  line  of  vision. 

The  angle  03IA  (Fig.  83)  is  taken  as  the  measure  of  this  lack  of  sym- 
metry due  to  the  excentricity  of  the  macula.  It  is  called  the  angle  gamma,  y. 
It  is  reckoned  as  plus  when  the  optic  axis  falls  outside  of  the  visual  axis. 

Another  peculiarity  of  construction  must  be  considered  in  connection 
with  the  form  and  ])osition  of  the  cornea. 

It  is  convenient,  and  in  some  measure  consistent  with  existing  conditions, 
to  look  upon  the  (cornea  as  ellipsoidal  rather  than  spherical  in  its  contour.  Its 
horizontal  section  if  the  curve  were  com]>leted  would  occupy  a  ])Osition  in  the 
average  emmetropic  eye  something  like  that  pictured  in  Fig.  84.  Here  it  is 
seen  that  the  corneal  major  axis  does  not  coincide  either  with  the  visual  axis 
or  the  o])tic  axis.  The  lack  of  symmetry  thus  pictured  is  usually  measured 
by  the  angle  which  the  major  axis  of  the  cornea  makes  with  the  visual  axis. 
This  angle  is  known  as  a,  the  angle  alpjha,  and  is  reckoned  plus  when  the 
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visual  axis  pierces  the  cornea  on  its  nasal  side.  In  high  myopia  the  angle  a 
is  often  negative  (see  also  p.  96). 


Fh;.  83.— O.V^  =  The  angle  gamma. 


Fig.  84.— The  angle  alpha. 


Mirrors. — In  the  eye  itself  are  no  plane  surfaces,  and  no  surfaces  whose 
chief  function  is  comparable  to  that  of  the  mirror ;  but  such  surfaces  must 
be  considered  as  being  intrinsic  parts  of  many  instruments.  The  mirror-like 
action  of  the  dioptric  surfaces  of  the  eye  is  made  use  of  in  various  methods 
of  investigation. 

A  mirror  being  only  a  special  case  of  single  optical  surface  where  = —  [x", 
it  may  be  most  satisfactorily  discussed  in  connection  with  previous  studies  by 
making  the  substitution  of  //  for  —  ft"  in  the  general  formulje  13  and  18. 

Substituting  and  reducing,  we  have 

As  has  been  previously  mentioned,  this  formula  is  suggestive  of  the  harmonic 
relation  for  which  a  construction  has  already  been  given  (Figs.  66  and  67). 
Whichever  side  of  the  surface  is  used,  the  principal  focus  is  halfway  between 
the  center  and  the  surface.    It  is  found  from  Eq.  13  in  the  usual  way. 

It  is  evident  from  the  formula  or  from  the  graphic  construction  that 
image  and  object  are  always  on  the  same  side  of  the  principal  focus  ;  also  that 
they  are  always  separated  by  the  surface  or  the  center,  never  by  both  ;  also, 
wherever  the  object,  the  image  that  is  on  the  same  side  of  the  principal  focus 
as  the  reflecting  surface  is  a  virtual  image. 

The  relation  between  the  size  of  object  and  image  is  precisely  the  same  as 
for  dioptric  surfaces,  and  may  be  determined  either  by  Eq.  18  or  21. 

We  have  but  one  more  ])resent  application  for  Eq.  13,  and  that  is  for  the 
special  case  where  the  surface,  either  dioptric  or  katoptric,  is  plane.  In  such 
case  1-=  <x) ,  the  second  member  disappears,  and 


(62) 
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wliich  may  be  construed  as  sayino-  that  tlie  foci  conjugate  to  a  plane  optical 
surface  vary  as  their  respective  indices.  Mai<c  this  a  reflecting  surface  again 
by  putting'//' =  —  n' ,  and  we  find  that  foci  conjugate  to  a  plane  mirror  are 
of  equal  length  and  of  op])osite  sense ;  thus  : 


1^ 


] 


(53) 


Substituting  for  V  or  F"  in  Va\.  18,  we  find  that  for  plane  surfaces, 
whether  katoptric  or  dioptric, 


(54) 


showing  that  in  reflection  or  refraction  the  image  is  equal  in  size  to  the  object. 
The  ambiguity  of  sign  enters  the  equation  on  account  of  the  double  interpre- 
tation ^^'hich  may  be  given  to  the  expression  for  inflnity. 

It  must  be  remembered  that  the  conditions  to  wiiicli  these  formuhe  have 
been  applied,  and  to  M  hich  alone  they  are  considered  applicable,  are  such  as 
exist  for  centered  surfaces  and  pencils  of  light  whose  rays  make  very  small 
angles  w^ith  each  other  and  witli  the  axis  of  the  system. 

The  Prism. — Tiie  prism  enters  a  system  optically  through  the  decenter- 
ing  of  one  or  more  of  its  surfices.  The  prismatic  lens  in  its  sim])licity  dif- 
fers from  the  ordinary  lens  in  no  other  way,  and  the  ])rismatic  element  in  the 
lens  is  measured  by  the  angle  between  the  two  lines  that  contain  the  cardinal 
])oints  of  the  two  surfaces.  To  (pialities  which  the  prismatic  glass  })0ssesses 
by  virtue  of  its  curved  surfaces  must  be  added  those  that  are  due  to  the  non- 
coincidence  of  the  two  axes,  and  these  are  best  studied  in  tlie  case  of  the 
j)hinc  prism.  The  action  of  a  })rismatic  lens  as  used  in  ojjhtlialmology  is  the 
added  action  of  the  simple  lens  and  the  plane  prism.  The  ])lane  prism  is 
made  up  of  two  plane  o])tical  surfaces  inclined  to  each  other  at  an  angh;  less 
than  180°.  The  first  and  third  media  are  usually  alike.  These  conditions 
cannot  be  considered  analogous  to  any  ])reviously  discussed,  as  on  one  or  both 
planes  the  pencil  is  oblique  ;  neither  is  it  possible  to  look  upon  botii  j)lanes 


Fig.  85.— Refraction  of  li^lit  in  the  principal  section  of  a  plane  prism. 

as  centered  on  any  finite  axis.  Consequently,  we  have  to  begin  again  with 
the  law  of  Snell,  and  we  confine  ourselves  to  refraction  in  a  ])rincipal  section. 

The  apex  or  edge  of  the  prism  is  the  intersection  of  the  two  planes  form- 
ing its  sides  or  faces.  A  prwcipal  section  is  a  section  of  the  prism  by  a  plane 
periiendicular  to  the  edge.  A  base-apex  line  is  the  line  of  intersection  of  either 
side  with  a  principal  section.  From  Snell's  law  we  know  that  a  ray  of  light 
which  before  incidence  is  confined  to  a  plane  of  principal  sectio)i  will  pass 
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through  the  prism  without  passino^  out  of  that  phine.  Such  plane  is  pictured 
in  Fig.  85,  where  angles  made  Avith  the  normals  to  the  fii-st  surtace  are  desig- 
nated by  0,  those  made  with  the  second  surlaee  by  (/',  and  where  the  primes 
show  in  what  medium  the  light-ray  making  the  angle  is  situated. 

If  M  is  the  refracting  angle  of  the  prism  and  I)  the  total  angular  devia- 
tion caused  in  any  ray  passing  through  the  prism,  the  following  relations  are 
easily  established  : 

D  =  ,^/_^//  +  ^,/_V/^  (55) 

E  =  <j>''  +  r'.  (56) 
D  =  <p  +  ^l>-B.  (57) 

Applying  Eq.  2  to  the  angles  in  question,  gives 

sin  <l>^  =  fi'^  sin  <p^\  (58) 

V  =  B+I)-(i>',  (59) 

V'-R-<p'',  (60) 

and  s\n\{R  +  D)-9'\=^i'' R-<l>'.  (61) 

Hence,  by  easy  trigonometry, 

sin  (i2  +  Z))  cos  ^f>^-cos  (R  +  D)  sin  f=^^\  sin  R  cos  (i'^-cos  R  sin  (62) 

When  the  prisms  are  thin,  as  in  most  spectacle  lenses,  the  angles  i?  and 
H  +  D  may  be  substituted  for  their  sines,  and  1  for  their  cosines,  giving 

^^jjr/z^^c_o^-_a  .  (63) 
t-  /^^   cos  (j)^  J 

and  this  is  still  further  simplified  in 

D={^''-fi')R,  (64) 

by  limiting  the  angle  of  incidence  to  one  so  small  that 

cos      _  ]^ 
cos  '/''' 

When  the  light-ray  passes  symmetrically  through  the  prism,  as  in  Fig. 
86,  ^  may  be  substituted  for  <p"  and  giving 

—  =  sin-q ^  sm 1  ,  (00) 

2  2/  2 

which  is  useful,  because  it  expresses  the  action  of  the  prism  on  light  which 


Fig.  86.— Refraction  at  position  of  minimum  deviation. 

passes  through  in  its  position  of  minimum  deviation,  a  term  which  defines 
itself. 
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The  deviation  at  position  of  perpendieidar  inddence  or  perpendicular  exit 
is  given  by 

D  =  6in->(^%ini2)-J2.  (66) 
A  simple  transposition  of  65  gives 


sin   


B 
2 


(67) 


the  formula  for  getting  the  index  of  refraction  from  the  deviation  and  refract- 
ing angle. 

Total  Reflection. — There  is  one  special  condition  that  comes  to  our 
notice  generally  in  connection  with  reflection  and  refraction  at  plane  sur- 
faces.   We  may  take  as  illustration  Fig.  87,  and  ask  guidance  of  Snell's  law 


Fig.  87.— Concerning  total  reflection. 

when  the  wave  whose  normal  r,  incident  from  the  denser  medium  {/J-"),  makes 

.    .  u"  . 

with  the  limiting  surface  an  angle  Mdiose  sine,  multiplied  by       is  greater 

A* 

than  1.  The  path  that  SnclFs  law  would  seem  to  indicate  for  the  refracted 
wave  would  be  an  impossible  path,  for  there  is  no  angle  whose  sine  is  greater 
than  1.    Under  such  conditions  refraction  does  not  take  place. 

There  is  no  break  in  the  continuity  of  the  phenomena,  for  when  the  angle 

(j)"  is  so  great  that  —  sin  (j)"  =  1  ;  then  sin  (/)'  =  !,  and  the  refracted  ray,  r', 

is  parallel  to  the  surface.  The  wave-front,  in  other  Avords,  is  perpendicular 
to  the  optical  surface,  and  neither  recedes  nor  a]i])roaches  it. 

A  still  greater  increase  of  the  angle  (//'  would  so  increase  (//  that  its  gen- 
eral direction  would  be  into,  instead  of  out  from,  (//")•  The  angle  would  have 
a  minus  sine,  but  its  numerical  value  could  be  nothing  other  than  //",  since 
the  medium  is  (//') ;  and  tliis  is  the  relation  characteristic  of  reflection.  Under 
such  conditions  all  the  light  that  is  not  destroyed  is  reflected,  and  the  phe- 
nomenon is  known  as  fotal  reflection. 

The  prism  is  of  use  in  ophthalmology  chiefly  on  account  of  its  causing  a 
deviation  in  the  path  of  light,  and  thus  furnishing  an  instrument  which  may 
be  used  either  as  cause  of,  or  compensation  for,  slight  anomalies  of  the  posi- 
tion of  the  eye  itself.    The  practical  a])plication  to  such  purposes  is  given 
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elsewhere.  In  that  application  it  is  necessary  to  take  cognizance  of  its 
value  as  used  to  cause  deviation  of  light,  and  thus  an  apparent  displacement 
of  any  object  through  it.  The  relation  between  the  refracting  angle  and 
the  deviation  produced  being  such,  prisms  have  until  recently  been  described 
by  their  refracting  angles  as  Pr.  1°,  Pr.  2°,  and  so  on.  By  Eq.  65  it 
will  be  seen  that  the  deviation  produced  by  any  prism  of  ordinary  glass, 
-0  =^(1.54  —  1)  is  very  nearly  one-half  the  refracting  angle  of  the 
prism ;  and  since  one-half  a  degree  is  about  the  smallest  increment  which 
ophthalmologists  have  found  useful,  the  scale  is  a  very  convenient  one,  and 
in  spite  of  criticisms  is  still  much  in  use.  Its  only  fault  is  that  the  numbers 
on  the  glasses  do  not  correspond  to  the  values  for  which  they  are  used.  To 
remedy  this  defect  it  has  been  proposed  to  number  prisms  by  the  angular 
deviation  in  degrees,  replacing  the  degree-mark  by  a  small  d  to  avoid  con- 
fusion, thus  Pr.  l'^,  Pr.  2''.  This  is  the  Deviation-angle  System  of  Jackson. 
The  unit  in  this  system  is  about  double  the  value  of  the  unit  of  the  Refract- 
ing-angle  System. 

To  obviate  the  necessity  of  making  any  material  change  in  the  size  of  the 
working  unit,  it  was  proposed  to  give  to  each  prism  the  value  of  its  angular 
deviation  in  terms  of  the  radian,  the  only  unit  of  angle  that  is  recognized  in 
works  on  analysis  and  mathematical  philosophy.  One  one-hundredth  of 
this,  the  radian  angle,  which,  in  accordance  with  "  C.  G.  S."  (Centimeter- 
Gramme-Second)  nomenclature,  is  a  centrad,  is  so  near  the  unit  of  the  Refract- 
ing-angle  System  as  to  be  practically  indistinguishable  from  it.  This  is  the 
Centrad  System  of  Dennett.  The  Refracting-angle  System  and  the  Centrad 
System  so  nearly  coincide  that  for  glass 
of  any  ordinarv  index  some  number  be- 
tween  0  and  35  will  be  identical  for  the 
two  systems,  and  the  others  of  the  scale 
will  be  so  near  as  to  admit  of  interchange 
under  ordinarv  circumstances.  Centrads 
are  prescribed  thus  :  Pr.  1^,  Pr.  2'^. 

The  Prism-diopter  Scale  of  Prentice 
does  not  differ  much  from  the  Centrad 

o     1  11  i.  ,Tii'„,.  ^,  .      ,  .'^UUr -f..^.^.      Fig.  88.— Showins:  the  relation  of  prism-diop- 

ocale,  and  does  not  ditter  appreciably  irom  te^-  to  centrad. 

it  in  the  numbers  that  are  most  used.  It 

gives  to  every  prism  the  value  of  the  tangent  of  the  deviation  in  hundredths 
of  the  radius.    Centrads  and  the  prism  diopters  are  compared  in  Fig.  88. 

The  same  fault  may  be  found  with  the  Prism-diopter  Scale  as  with  the  Refracting-- 
angle  Scale — namely,  the  number  on  the  glass  is  a  transcendental  function  of  the  value 
for  which  the  glass  is  used.  Within  the  limits  of  common  use  the  three  scales  are  alike, 
and  the  choice  is  one  of  symbol  and  sentiment  only.  Prism  diopters  are  described  thus  : 
Pr.  1^,  Pr.  2^,  and  so  on. 

To  Prentice  is  due  also  the  suggested  change  of  the  °  to  for  the  degree  deviation, 
and  to  A  for  the  tangent  deviation.  The  author  has  extended  the  symbolism  to  the 
centrad  system  by  inverting  the  triangle  for  it. 

There  remains  only  the  Meter-angle  System,  it  having  been  suggested  that 
the  "Meter  Angle"  of  Nagel  be  adopted  as  a  unit  for  prism  nomenclature. 

The  Meter  Angle. — The  meter  angle  is  the  angle  made  by  the  visual 
axis  and  the  median  plane  when  the  eye  is  directed  to  a  point  in  that  plane 
one  meter's  distance  from  the  center  of  rotation.  The  value  of  this  angle 
depends,  of  course,  on  the  interocular  distance,  which  must  needs  be  conven- 
tionalized if  it  is  used  for  purposes  of  prism  notation.  An  interocular  dis- 
tance of  .06  makes  the  meter  angle  equal  to  3^.  Though  a  little  narrow  for 
an  adult,  it  is  perhaps  as  good  a  distance  as  any  to  assume.    The  advantage 
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of  this  unit  is  supposed  to  consist  in  this,  tliat  for  any  point  of  fixation  con- 
vergence and  acconnnodation  are  expressed  in  the  same  terms,  the  inclination 
of  the  axis  to  the  median  line  being  the  same  in  meter  angles  as  the  accom- 
modation in  diopters.  The  writer  is  not  aware  that  the  meter  angle  is  in 
actual  use  as  a  prism  unit.  Its  relation  to  convergence  may  be  seen  in  Fig. 
89,  and  the  following  notation  has  been  suggested  :  Pr.  \"%  Pr.  2™. 


Fig.  89.— The  meter  angle. 

Table  I.  gives  the  deviation  in  degrees  corresponding  to  all  the  different 
.systems  of  prism  notation  : 

Table  L — Showing  the  Value  in  Degrees  of  Deviation  of  Prism  belonging  to 

the  Other  Systems} 


For  interocular 
distance  of  .06. 


3° 

5°  SOMr^ 
7°  21^  23^^ 
9°  12^  3^^  J 


For  interocular 
distance  of  .064. 


Accommodation  is  that  function  of  the  eye  that  makes  clear  vision 
|)ossible  at  varying  distances. 

This  adjustment  for  all  distances  between  the  far  point,  punctum  remotmi, 
and  the  near  point,  punctum  proximum,  is  accomplished  by  the  action  of  the 
ciliary  muscle  in  clianging  the  form  of  the  lens. 

The  theory  of  this  process,  which  has  been  generally  accepted,  is  that  of 

Helmholtz.    The  ciliary  mu.scle  may  be  considered  as  made  up  of  two  parts  

an  outer,  formed  of  longitudinal  fibers  which  arise  at  the;  junction  of  the 
cornea  and  sclera,  and  pass  backward  to  a  diffuse  attachment  in  the  outer 
layers  of  the  choroid,  called  the  tensor  choroidea  or  muscle  of  Briicke  ;  and  an 
inner  portion,  formed  of  fibers  which  have  an  approximately  circular  course 
called  com pressoi'  leutis  or  ^Mii/lcr's  muscle.    When  the  ciliary  muscle  contracts 
the  choroid  and  ciliary  ])rocesses  are  drawn  forward,  and  "by  the  contraction 

'  This  table  is  taken  from  Dennett's  article  on  "  Prisms"  in  a  Synicm  of  Diseases  of  the  Eve 
edited  by  Norris  and  Oliver,  vol.  ii.  p.  148.  ' 
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ot  circ'iihu-  fibers  the  circumfei-ence  of  the  eiliary  processes  is  narrowed,  the 
/oiiiila  or  suspensory  ligament  of  the  lens  rekixed,  and  the  lens,  being  released 
from  the  tension  which  this  has  exerted  on  its  capsule,  tends  to  assume  a 
more  convex  shape.  This  hypothesis  has  not  been  seriously  disputed  until 
Tscherning,  following  in  the  footsteps  of  Thomas  Young,  developed  a  theory 
which,  as  it  becomes  more  generally  understood,  may  in  part  prove  a  danger- 
ous rival  to  that  of  Hehnholtz. 

Briefly,  Tscherning  asserts  that  the  accommodation  does  not  depend  on  a 
relaxation  of  the  zonula  of  Zinn,  but  on  its  tension  through  the  agency  of  the 
ciliary  muscle,  whereby  the  peripheral  portion  of  the  lens  is  flattened  and 
the  curve  of  the  anterior  surface  from  an  approximatelv  spherical  approaches 
a  hyperboloid  form.  The  theories  of  Hehnholtz  tind  T  scherning;  are  illustrated 
by  Fig.  90.  ^ 


A    \  b\ 


t  \ 

Fig.  90.— ,1,  ac'commoclation  according  t(i  Helmholtz.  The  dotted  line  represents  the  thic^ker  form 
assunioil  by  the  lens  when  the  traction  of  the  zonula  is  diminished  by  the  contraction  of  the  eiliary 
mnscle.  7.',  accommodation  according  to  Tscherning-.  The  unbroken  lines  show  the  lens  at  rest.  The 
dotted  lines  show  the  change  occurring  during  accommodation,  supposed  to  be  due  to  tlie  traction  of  the 
zonvila  being  increased  by  the  contraction  of  the  ciliary  mnscle.  It  will  be  seen  that  the  increased 
dioptric  power  (if  tlie  lens  may  be  obtained  either  by  relaxation  of  the  zonula  or  by  contraction.  Tscher- 
ning believes  that  the  change's  which  he  has  observed  in  tlie  lens  during;  accommodation  prove  that  the 
latter  theory  is  correct,  while  Hess  (Graefe's  Arch.,  xlii.  1,  S.  288;  Ibid,  xliii.  3,  S.  477)  opposes  it  strongly. 


As  regards  the  change  in  the  lens  itself,  Tseherning's  view  seems  abundantly  proven 
by  numerous  experiments.'  The  action  of  the  ciliary  muscle  is  still  undetermined.  The 
older  description,  as  given  above,  is  sii])ported  by  the  diagrams  according  to  Iwanoff,'* 
but  these  results  have  not  been  corroborated  in  recent  times,  although  they  ap])ear  in 
some  of  the  best  text-books.  Tscherning  believes  that  the  inner  ])ortion  of  the  muscle 
retracts,  having  its  more  fixed  attachment  posteriorly  in  the  choroid,  which  is  steadied  by 
the  tension  of  the  vitreous,  this  being  increased  during  accommodation  by  the  backward 
traction  of  the  lens.  This  retraction  of  the  oblique  fibers  of  Mllller's  muscle,  which  is 
probably  not  as  purely  a  circular  nuisch'  as  has  heretofore  been  described,  makes  trac- 
tion on  the  zonula  and  produces  the  changes  in  the  lens.  The  iris  as  a  diaphragm 
cuts  off  the  peripheral  parts  of  the  lens,  so  that  whichever  view  is  taken  of  the  mechan- 
ism of  accommodation  the  optical  conditions  remain  practically  the  same. 

By  accommodation  is  meant  tlie  muscular  effort,  the  change  in  the  shape 
of  the  lens,  and  the  effect  produced  on  vision.  The  muscular  effort  is  self- 
evident.  The  change  in  the  pupillary  portion  of  the  lens  is  seen  from  the 
changes  which  the  reflexes  called  the  imar/cH  of  Pnrkinje  undergo  during 
accommodation.  These  images  are  catoptric — that  is,  formed  by  reflection 
from  the  cornea,  the  anterior  and  the  posterior  surfaces  of  the  lens.    In  the 

'  Crzellitzer :  "Die  Tsclierniiigsclie  Accommodationstheorie,"  Archiv  f.  0))lilh.,V><i-  xlii.,  iv. 
Abtheilung.  Graefe  and  Saemisch:  Handbuch  der  Augenheilkunde,  Bd.  i.  p.  276. 
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pupillary  space  pictured  in  Fig.  91  are  seen  the  reflections  of  two  bright 
squares,  one  above  another  :  a  is  reflected  from  the  surface  of  the  cornea,  b 
from  anterior  surface  of  lens,  c  from  posterior  surface  of  lens.    They  are  best 


b 
C 


a   b   r  a    b  c 

A  B 
Fig.  91.— a,  reflections  during  distant  vision ;  B,  during  near  vision ;  a,  from  the  cornea;  h,  from  the 
anterior  surface  of  lens ;  r,  from  posterior  surface  of  lens.  It  is  seen  that  the  reflections  from  the  anterior 
surface  of  the  lens  become  smaller,  showinj;  that  that  surface  becomes  more  convex  during  accommoda- 
tion. (',  reflection  of  a  candle  flame  ;  o,  from  cornea,  sharply  defined  ;  b,  from  anterior  surface  of  lens, 
large  and  blurred  ;  c,  from  posterior  surface  of  lens,  small  and  inverted. 

seen  in  a  dark  room  when  a  bright  light  is  thrown  on  the  eye  from  the  side 
opposite  the  observer. 

During  accommodation  the  reflex  of  the  anterior  surface  of  the  lens  be- 
comes smaller,  which  indicates  an  increase  in  convexity.  In  some  eyes  the 
image  changes  its  position  in  a  manner  to  indicate  a  slight  advancement  of 
the  surface  (Helmholtz),  but  this  is  not  constant  (Tschcrning).  The  posterior 
surface  of  the  lens  Ijecomcs  slightly  more  convex,  but  does  not  change  its 
position.  The  pupil  contracts  during  accommodation.  According  to  Tscher- 
ning,  the  portion  of  the  iris  between  the  pupillary  border  and  the  periphery 
retires  a  little,  corresponding  to  the  flattening  of  the  perij^heral  portion  of  the 
lens  which  he  has  proven  takes  place.  It  has  been  stated  that  the  tension  of 
the  anterior  (iliamber  diminishes  during  accommodation.  Foerster  (1864) 
observed  that  in  patients  with  small  keratoceles  the  protrusion  diminished  or 
disappeared  during  accommodation,  to  reappear  when  this  was  relaxed. 

When  the  accommodation  is  relaxed  the  eye  is  adjusted  for  a  far  point. 
When  the  greatest  accommodative  effort  compatible  with  clear  vision  is  made, 
the  adjustment  is  for  the  near  point. 

Range  of  Accommodation. — Accommodation  is  measured  by  its  eifect 
on  the  vision,  and  the  effect  may  be  described  either  in  terms  of  distance 
traversed  between  the  far  and  near  points,  as  measured  from  the  eye  (grange 
of  accommodation),  or  in  diopters,  expressing  the  increase  of  the  refractive 
power  of  the  lens  {ampUtude  or  power  of  accommodation).  The  additional 
strength  which  the  lens  gains  may  be  considered  as  a  separate  lens  placed  in 
front  of  the  crystalline. 

The  focal  distance  of  such  a  lens  being  A,  the  distance  of  the  far  point 
from  the  eye  R,  and  of  the  near  point  P,  the  range  of  accommodation  would 
be  A  =  P — R,  and,  as  the  refractive  power  of  a  lens  is  the  inverse  of  its 
focal  distance,  the  refractive  power  of  the  lens  which  we  assume  to  represent 
accommodation  would  be 

A    P  R' 


The  application  of  this  to  emmetropia  is 


the  far  point  being  at  infinity. 
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The  power  of  accommodation  is  measured  by  the  strength  of  a  lens  suf- 
ficient to  give  the  rays  leaving  the  near  point  tlie  direction  in  the  vitreous 
which  they  would  have  if  without  it  they  came  from  infinity,  or  in  emme- 
tropia  the  accommodation  is  measured  by  the  dioptric  value  of  the  near 
point. 

For  example,  an  emmetrope  whose  near  point  was  at  10  cm.  would  have  10  diopters 
of  accommodation  ;  thus  : 

-i=^-A=^  =  ioi). 

A    .10    cc  .10 

A  myope  with  a  far  point  at  50  cm.  (2  diopters  of  myopia)  would  have  an  accommoda- 
tive ability  of  8  diopters  ;  thus  : 

 ^  =  10  i)-2  D  =  SD. 

A    .10  .50 

In  hyperopia  only  convergent  rays  are  focussed  on  the  retina,  and  the 
far  point  is  a  virtual  focus  behind  the  eye.  It  has  therefore  a  negative 
value. 

We  may  best  not  alter  the  formula,  but  remember  that  a  negative  sign  in  its  last 
denominator  makes  that  fraction  additive,  as  seen  in  the  following  example,  where  a 
person  whose  hypermetropia  is  2  D,  and  whose  near  point  is  10.  cm.,  is  shown  to  have 
an  accommodative  power  of  12  D : 

^      1     /    1    \     V  +  _l  =  io  D  +  2/)  =  12I>. 


A    .10    V-.50;    .10  .50 

Practically,  the  accommodation  in  hyperopia  equals  the  sum  of  the 
lens  required  to  bring  vision  to  infinity  with  that  representing  the  dioptric 
value  of  the  near  distance.  It  will  be  seen  from  what  has  preceded  that  the 
measurement  of  the  far  point  is  equivalent  to  the  determination  of  the  static 
refraction  of  the  eye.  The  near  ]:>oint  is  the  nearest  point  at  which  very  small 
type  can  be  seen  most  distinctly,  and  is  usually  measured  by  Jaeger's  test 
type. 

Relative  Accommodation. — Ordinarily,  accommodation  and  convergence 
are  exerted  together,  the  eyes  being  directed  to  the  point  for  which  vision  is- 
adjusted,  but  a  considerable  latitude  or  independence  of  these  functions  in 
their  relations  to  each  other  is  possible.  If,  for  instance,  an  emmetrope  fixes 
at  a  point  33  cm.  from  the  eye,  the  corresponding  accommodation  would  be 
3  I),  but  a  certain  amount  of  relaxation  of  accommodation  and  of  additional 
power  is  possible  with  the  same  convergence.  This  relative  accommodation 
varies  for  each  point  of  fixation.  The  normal  relations  have  been  tabulated 
by  Donders.^ 

The  practical  applications  are  numerous.  A  lack  of  unity  between  accommodation 
and  convergence  is  seen  in  the  normal  eye  at  the  near  point.  The  function  of  converg- 
ence being  stronger  than  that  of  accommodation,  the  absolute  near  point  is  attained  at 
a  sacrifice  of  binocular  vision,  convergence  over-acting,  and  thus  reinforcing  accommo- 
dation. In  hyperopia  the  accommodation  required  is  greater  than  the  convergence, 
and  the  same  tendency  of  the  two  functions  to  reinforce  each  other  offers  a  stimulus  to 
the  latter  which  may  result  in  convergent  strabismus.  In  myopia  less  accommodation 
is  required  ;  accordingly  there  is  less  incentive  to  converge,  and  insufficiency  of  converg- 
ence or  even  divergence  may  occur. 

Presbyopia. — The  power  of  accommodation  diminishes  progressively 
from  the  earliest  youth.  As  a  result,  the  near  point  recedes  from  the  eye, 
until  at  about  the  age  of  forty  in  emmetropia  it  reaches  the  distance  of  22 
cm.,  and  the  strength  of  accommodation  has  become  about  4.5  D.  Near 

'  Accommodation  and  Refraction  of  the  Eye,  p.  111. 
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vision  then  is  rendered  difficult,  and  from  this  time  on  convex  glasses  must 
be  used  to  hrinti'  the  near  point  nearer  and  to  compensate  for  the  diminishing 
power  of  accommodation.  The  cause  of  this  change  is  a  physiological  sclero- 
sis of  tlie  crystalline  lens,  which  renders  it  less  elastic  in  response  to  the  force 
of  tile  ciliary  muscle.    The  table  (Table  II.)  and  accompanying  curve,  de- 
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Table  TI.,  with  the  aceoiiipanying  curve  fFig.  92),  shows  tlie  relations  of  age  to  accommodation  and 
static  refraction.  The  table  is  taken  from  Nagel.i  and  is  slightly  modilied.  The  curve  is  modified  by 
Landolt  from  Donders. 

vised  by  Donders,  shows  the  decrease  in  the  amplitude  of  accommodation  as 
well  as  the  change  in  the  static  refraction,  beginning  at  about  the  age  of 
fifty-five,  by  which  an  acquired  hyperopia  takes  place  ;  the  curve,  p  j)y  repre- 
sents the  changes  in  the  near  point  ;  the  curve  r  r,  the  far  point. 

As  has  been  said,  presbyopia  begins  at  the  time  when  near  vision  becomes 
difficult.  This  period  varies  with  the  refraction  of  the  eve,  for  the  reason 
that  the  strength  of  the  accommodation  required  to  bring  the  near  point  to  a 
comfortable  distance  depends  on  the  position  of  the  far  point.  Thus  in 
my()j)ia  the  far  point  is  nearer  the  eye  than  in  hyperopia,  and  the  same 
strength  of  accommodation  will  continue  the  range  of  useful  vision  for  near 
work  at  its  projier  distance  later  in  life  ;  that  is  to  say,  presbvopia  is  ]iostponed 
in  myopia  and  anti(;ipated  in  hyperopia  as  compared  with  emmetroi)ia. 

It  will  be  seen  that  a  myope  of  3  D  will  reach  the  age  of  sixty  withotit  dis- 
comfort, while  a  hyperope  of  the  same  degree  would  be  able  to  overcome  his  hyperopia 
and  to  bring  the  near  point  to  the  reading  distance,  at  the  latest,  up  to  tw'eiitv-five 
years. 

It  is  important  to  remember  that  the  accommodation  cannot  be  sustained  at  its 
maximum.  There  must  always  be  a  reserved  power,  as  in  anv  other  continuous  work, 
and  that  is  why  the  near  point  is  said  to  be  at  22  cm.,  allowing  0.5  D-l  1)  reserve 
above  the  accommodation  required  for  the  average  reading  distance. 

The  working  distance  is  decidedly  arbitrary,  depending  on  tlie  kind  of  work  done 
or  the  habit  of  the  individual  as  regards  the  distance  the  work  is  held  from  the  eyes 
a!id  on  the  visual  acuity,  for  if  this  is  diminished,  the  work  must  be  brought  nearer  in 
order  to  obtain  larger  images,  and  the  accommodation  must  be  aided  accordin<rlv. 

Visual  Acuity.— Vision  is  measured  by  the  size  of  the  smallest  object 
which  can  be  i-ccognized  at  a  fixed  distance  in  the  most  favorable  light  with 
the  best  optical  adjustment.  The  size  of  the  object  is  expressed  bv  the  visual 
angle  formed  by  lines  that  pass  through  its  extremities,  througli  the  nodal 
points  of  the  eye,  to  the  inverted  image  on  the  retina.    The  size'of  the  image 

^  Graefe  und  Saemisch  :  Handbuch  der  Augenheilk.,  Bd.  vi.  p.  460. 
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on  tlu'  retina  varies  as  the  distance  of  the  posterior  nodal  j)oint  from  the 
retina,  which  distance  is  greatest  in  niyo})ia  and  least  in  liypernieti-opia. 
Axial  ametropia  is  referred  to,  as  that  is  the  commonest  form. 

When  the  ametropia  is  corrected  by  a  lens  placed  at  the  anterior  focus  of 
the  eye,  the  retinal  image  is  the  same  size  as  if  tlie  eye  were  emmetropic. 

A  stronger  lens  is  needed  for  the  correction  of  myopia  tlie  farther  the 
lens  is  placed  from  the  eye,  and  a  weakei-  lens  suffices  for  hyj)ermetroj)ia  if 
removed  from  the  eve.  Difterentlv  stated,  this  is  :  a  concave  lens  loses 
strength  and  a  convex  lens  gains  strength  if  removed  from  the  eye,  which 
explains  the  tendency  of  presbyopes  to  slide  their  glasses  down  tlie  nose  as 
the  presbyopia  increases.  It  is  obvious  that  to  attain  the  highest  visual 
acuity  for  a  great  distance  the  eye  must  be  placed  in  a  condition  to  see  to  the 
best  advantage  ;  that  is  to  say,  the  ametropia  must  be  corrected  for  infinity, 
consequently  the  glass  that  gives  the  highest  visual  acuity  is  the  measure  of 
the  static  refraction. 

The  distance  usually  chosen  for  the  examination  of  vision  is  G  m.  So- 
great  a  distance  is  taken  because  it  is  desirable  to  measure  acuity  uninfluenced 
by  tlie  effect  of  accommodation,  and  rays  of  light  that  enter  the  eye  from  any 
point  on  an  object  6  m.  aw^ay,  however  wide  the  pupil,  are  practically  parallel 
and  meet  on  the  retina. 

Snellen's  type  are  so  devised  that  each  letter  subtends  an  angle  of  five 
minutes,  each  part  of  a  letter  and  each  space  being  one-fifth  of  the  whole  in 
linear  measurement.  A  visual  angle  of  five  minutes  has  been  assumed  a& 
representing  the  average  of  a  great  many  measurements  of  the  eyes  of  indi- 
viduals of  all  ages,  and  Snellen  acknowledges  that  a  great  many  young  per- 
sons have  a  greater  visual  acuity. 

It  has  been  said  above  that  visual  acuity  is  measured  by  the  ability  to 
recognize  an  object  at  a  given  distance.  This  means  that  the  parts  of  which 
it  is  composed  can  be  differentiated  :  each  part  of  one 
of  Snellen's  letters  subtends  an  angle  of  one  minute 
(Fig.  93). 

The  perception  of  a  single  object,  however,  would 
not  be  a  reliable  test  of  vision,  as  its  visibility  would         ^"""test-type^^^^^^*^" ^ 
depend  on  the  intensity  of  the  light  by  which  it  was 

seen,  and  would  be,  in  some  measure,  independent  of  its  size  and  the  dis- 
tance ;  for  instance,  a  fixed  star  is  visible,  although  its  apparent  size  is  almost 
infinitclv  small  and  its  image  smaller  than  one  of  the  perceptive  elements  of 
the  retina.  Two  stars,  however,  cannot  be  distinguished  as  separate  unless 
thev  are  about  sixty  seconds  a|)art ;  that  is,  unless  the  distanc^e  b(;tw^een  their 
images  on  the  retina  equals  at  least  the  breadth  of  a  percei)tive  element.  If 
the  distance  were  smaller,  both  images  would  fnll  upon  the  same  or  ujion 
adjacent  elements.  In  the  first  case  both  would  produce  a  single  sensation, 
and  in  the  second  case  there  would  be  two  sensations,  but  upon  adjacent  ele- 
ments, so  that  it  could  not  be  told  whether  there  were  two  points  of  light  or 
one  which  fell  upon  both  elements. 

From  the  fact  that  the  diameter  of  the  cones  in  the  macula  corresponds 
quite  closelv  to  the;  smallest  distances  between  the  images  of  two  objects  that 
can  be  rec()irnized  as  tw^o,^  the  conclusion  has  been  drawn  that  the  cones  are 
the  perceptive  elements." 

'  According  to  Kcilliker,  the  cones  in  the  macula  lutea  vary  from  0.0045  mm.  to  0.00o4  mra. 
in  diameter,  while  a  visual  angle  of  60^^  covers  on  the  retina  a  space  of  0.00438  mra.  and  one 
of  73'"  a  space  of  O.OOo'JG  mm. 

'  llelmholtz:  Handhucli  der  Physidoyischen  Oplik;  Zweite  AuHage,  p.256. 
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Snellen's  letters  are  arranged  in  lines,  over  each  of  which  are  Roman 
numerals  indicating  the  distance,  D,  at  which  the  letters  of  that  line  appear 
under  an  aiiirle  of  five  minutes  or  the  distance  at  wiiicii  tliey  can  be  read  by 
an  eve  of  normal  vision.    Tlie  distance  at  which  they  can  be  read  by  the  eye 

•     •    ir_d  . 

that  is  being  tested  is  d.    The  formula,  then,  for  visual  acuity  is  1  — As 

examinations  are  ordinarily  made  at  a  fixed  distance  of  about  six  meters,  ^'  d  " 
is  constant,  the  value  of  the  fractional  expression  being  varied  with  the  value 

of  the  "D"  which  designates  the  smallest  legible  letters,  thus  "^6 

normal  vision.     T"=  ^  indicates  that  what  the  patient  ought  to  see  at  sixty 

60 

meters  he  can  see  at  only  six  meters,  an  acuity  of  0.1.  It  is  best,  however, 
to  leave  the  fraction  unreduced,  thus  recording  the  exact  distance  at  which 

the  test  was  made.    If  vision  is  inferior  to  — ,  the  t«st  types  may  be  brought 

3 

nearer,  and  the  distance  recorded  at  which  the  largest  is  read,  as  — .    If  this 

is  not  enough,  the  distance  may  be  noted  at  which  the  fingers  of  the  out- 
stretched hand  can  be  counted  against  a  dark  background,  or,  still  farther, 
only  the  movements  of  the  hand  may  be  seen,  and  finally  light  perception 
only,  at  varying  distances,  or,  simply,  the  differentiation  of  light  from  dark- 
ness (L.  P.)  may  be  all  there  is  to  record. 

A  better  system  than  that  of  Snellen  is  one  devised  by  Monoyer,  in  which  the  lines 
progress  in  tenths  from  1.  to  0.1.   The  regularity  of  the  interval  is  a  decided  advantage, 

and  has  been  utilized  by  Dennett  with  the  modification  that 
the  size  of  every  letter  in  each  line  has  been  so  chosen  as  to 
ensure  its  uniform  visibility. 
  For  the  illiterate,  characters  may  be  used  which  can  be 

»  ♦    T^^^r     described  without  being  named,  or  Burchardt's  series  of  dots 
Fig.  94.— Test-typu  lor  the  .  i      rni  ■    a-xx-       i.  ■ 

illiterate.  niay  be  used,    the  most  common  are  the  Jb  s  in  dmerent  posi- 

tions (Fig.  94).  Guillery  proposed  to  measure  the  visual  acu- 
ity simply  l)y  tlio  use  of  a  black  dot  on  a  white  ground.  By  comparison  with  the  letters 
of  Snellen  he  found  tliat  such  a  dot  seen  at  an  angle  of  50^^  would  correspond  to  the  nor- 
mal visual  acuity  ;  at  5  m.  it  would  have  a  diameter  of  1.2  mm.  An  acuity  of  one-half 
would  be  shown  by  the  ability  to  see  a  dot  of  double  the  area  at  the  same  distance.  The 
dots  are  placed  in  various  parts  of  squares  and  are  to  be  localized  by  the  patient.' 

Bntoptic  Phenomena. — Objects  in  the  eye  in  front  of  the  sensitive 
layer  of  the  retina  interce[)t  light  that  passes  through  the  pupil  and  throw 
shadows  which  under  certain  conditions  can  be  perceived.  Since  Listing^  the 
examination  of  objects  in  our  own  eyes  has  been  called  entopt'w  observation. 

If  a  clear  sky  is  looked  at  through  a  pin-hole  in  a  dark  card  placed  near 
the  anterior  focus  of  the  eye — the  rays  thus  reaching  the  retina  parallel — or 
if  a  flame  at  a  distance  of  5  m.  is  seen  through  a  strong  convex  glass  held 
two  or  three  inches  from  the  eye,  a  bright  disk  of  light  will  be  .seen  formed 
by  circles  of  diflTusion,  upon  which  various  objects  are  visible  :  (1)  The  traces 
of  the  lids  on  the  cornea  formed  by  half  closing  the  eyes.  These  horizontal 
lines  remain  an  instant  after  the  pressure  has  ceased,  and  in  some  cases  show 
a  more  lasting  eflPect  of  constriction,  leading  to  an  irritable  condition  called 
"  tarsal  asthenopia."  ^  The  tears  and  drops  of  mucus  are  seen  following  the 
movements  of  the  lids.  (2)  The  lens  or  some  of  its  parts  may  become  visible 
if  a  very  small  opening  is  used,  the  light  being  homocentric.  Physiologically, 

'  Guillery:  Arch,  fiir  Auffenheilkunde,  xxiii.  S.  323. 

Beitrdg.  zur  Physiolof/ischen  Optik,  Gottingen,  1845. 
"  G.  J.  Bull :  Trans.  Eighth  Internat.  Ophth.  Cong.,  Edinb.,  1894. 
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the  radiating  star-shaped  figure  of  the  lens  and  numerous  small  round  objects 
like  hyaline  globules  may  be  seen.  These  increase  witli  age  until  the  senile 
changes,  the  beginning  of  cataract,  may  also  become  apparent  to  the  possessor 
in  this  manner  (Donders).  (3)  In  the  vitreous  there  are  always  floating  bodies, 
cells,  and  fibers,  which  as  muscce  volitantes  cause  alarm  to  the  nervous  observer 
till  he  is  assured  of  their  insignificance.  (4)  A  very  interesting  application 
of  the  eutopic  method  is  the  observation  of  the  retinal  vessels  (Purkinje). 
They  may  be  seen  in  three  ways  : 

(o)  In  a  darkened  room  a  candle  is  held  at  a  short  distance  from  the  eye 
which  regards  the  distance.  The  vessels  come  into  view  as  dark  lines  on  a 
yellowish  background.    They  seem  to  move  when  the  candle  is  moved. 

(/>)  On  looking  through  a  stenopaic  opening  at  the  sky,  if  the  opening  is 
kept  in  motion,  the  vessels  are  distinctly  seen,  even  to  tlie  smallest  around 
the  macula. 

(c)  If  a  strong  light  is  focussed  on  the  sclera  as  far  as  possible  from  the 
cornea,  and  moved  slightly  from  side  to  side,  the  same  phenomena  occur. 
The  explanation  given  by  Heinrich  Miiller  (1855)  is  that  the  shadow  of  the 
retinal  vessels  falls  on  the  sensitive  layer  of  the  retina. 

In  the  last  experiment  Miiller  measured  the  movement  of  a  vessel  projected  on  a 
surface  at  a  known  distance,  and  the  movement  of  the  focus  on  the  sclera  which  pro- 
duced this  excursion,  and  calculated  the  distance  behind  the  retinal  vessel  at  which  the 
sensitive  layer  must  lie,  his  result  coinciding  very  closely  with  the  actual  distance 
between  the  vessels  and  the  layer  of  rods  and  cones. 

Konig  and  Zumft '  have  recently  attempted  to  apply  this  principle  to  the 
analysis  of  color  vision,  and  have  claimed  that  different  colors  are  seen  at 
different  levels,  violet  being  perceived  by  the  most  anterior  portion  of  the 
sensitive  layer,  red  by  the  most  posterior.  Considerable  doubt  has  been 
raised,  however,  by  Koster^  as  to  the  accuracy  of  these  statements. 

'  Sitzungsberichte  der  koniglich.  preuss.  Akademie  der  Wissenschaft.  zu  Berlin  :  Mai,  1894, 
xxiv. 
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EXAMINATION  OF  THE  PATIENT  AND  EXTERNAL 
EXAMINATION  OF  THE  EYE;  FUNCTIONAL 
TESTING. 

By  G.  E.  DE  SCIIWEINITZ,  A.  M.,  M.  D., 

OK  rillLAUKLPHIA. 


The  value  of  case-records  is  greatly  enhanced  if  a  systematic  method  of 
examination  is  pursued  with  each  patient.  The  following  order  of  examina- 
tion, based  upon  the  one  employed  by  S.  Weir  Mitchell  in  the  Infirmary  for 
Nervous  Diseases,  Philadelphia,  is  arranged  for  this  purjwse  : 

Name  and  residence. 

Age,  sex,  race,  married,  single,  or  widowed. 

Family  history :  hereditary  tendencies ;  general  and  ocular  health  of  parents, 
brothers,  sisters,  etc. 

Personal  history :  children,  their  general  and  ocular  health  ;  miscarriages ;  meno- 
pause;  former  illnesses  ;  syphilis  and  gonorrhea  ;  injuries. 
Occupation  :  relation  of  work  to  present  indisposition. 
Habits:  bniin-use;  tobacco;  alcohol;  narcotics;  sexual. 

Date  and  mode  of  onset  and  supposed  cause  of  present  trouble  ;  outline  of  its  course, 

(3rgans  of  digestion  :  teeth  ;  tongue ;  stomach ;  bowels. 

Organs  of  respiration:  nose;  throat;  lungs. 

Organs  of  circulation  :  heart ;  pulse  ;  blood. 

Kidneys  :  examination  of  urine. 

Abdominal  organs  :  liver;  spleen. 

Organs  of  generation  :  menses ;  leucorrhoea  ;  uterine  disease. 

Nervous  system:  intelligence;  evidences  of  hysteria ;  hallucinations;  sleep;  ver- 
tigo; gait;  station;  tendon-  and  muscle-jerks;  paralysis;  tremor;  pain;  subjective 
sensations;  convulsions;  headaches  and  their  position. 

Eyes :  previous  attacks  of  inflammation  ;  injuries ;  infections ;  ocular  palsy  or 
squint;  amblyopia;  previous  use  of  glasses;  ability  to  use  eyes. 

Direct  inspection  and  examination  of  eyes:  inspection  of  the  skull  and  orbits  (sym- 
metry or  asymmetry)  ;  lids;  ciliary  borders ;  puncta  lacrymalia ;  upper  and  lower  cul- 
de-sacs ;  conjunctivae;  caruncles;  corneae  (oblique  illumination);  irides  (mobility  and 
color);  anterior  cliambers  (depth  and  character  of  contents) ;  vision;  accommodation; 
balance  of  external  eye-muscles  ;  mobility  of  globe ;  tension  ;  light  sense ;  color  sense ; 
fields  of  vision ;  field  of  fixation ;  ophthalmoscope ;  ophthalmometer ;  retinoscope ; 
refraction. 

Necessarilv  the  examiner  will  modifv  the  thoroughness  of  his  investiga- 
tions  according  to  the  character  of  each  case. 

Direct  Inspection  of  the  Eye  and  its  Appendages. — The  lids 
should  be  examined  for  distended  superficial  veins,  edema,  tumors,  for  ex- 
ample, enlargement  of  the  Meibomian  glands,  and  for  anomalies ;  their  edges 
for  inflammation,  parasites,  misplaced  cilia,  and  small  morbid  growths  ;  the 
puncta  for  permeability,  deviation  or  retraction  from  the  globe,  pressure  at 
the  .same  time  being  made  over  the  lachrymal  sac  in  order  to  express  from  it, 
through  the  puncta.  any  contained  fluid  ;  the  mrunckH  and  plicce  for  swell- 
ing, foreign  bodies,  irritation  by  incurved  cilia,  and  small  morbid  growths, 
for  instance,  polyps  or  angiomas ;  the  conjunctival  cul-de-sacs  for  abnormal 
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secretion,  granulations,  foreign  bodies,  concretions  and  disturbance  of  the 
vascular  supj)!}-,  the  examination  being  carried  well  up  into  the  u])per 
fornix  after  thorough  eversion  of  tlie  lid. 

In  order  to  evert  the  lid  the  patient  should  rotate  the  eye  strongly  down- 
ward, while  the  surgeon  seizes  gently  the  central  eyelashes  of  the  upj)er  lid 
between  the  index  linger  and  thumb  of  his  left  hand,  and  draws  the  lid 
downward  and  away  from  the  globe,  placing  at  the  same  time  the  point  of 
the  thumb  of  his  right  hand  above  the  tarsal  cartilage  of  the  lid  which  is  to 
be  everted,  steadying  his  remaining  lingers  upon  the  patient's  brow,  and  by 
a  quick  movement  turns  the  edge  of  the  lid  over  the  point  of  his  thumb, 
while  this  is  simultaneously  depressed.  If  the  patient  steadily  looks  down- 
ward during  this  maniieiiver  there  is  no  difficulty  in  everting  the  lid  without 
the  aid  of  the  pencil  or  match-stick  so  connnonly  em])loye(l  as  a  lever. 

When  there  are  no  lashes  on  the  uj)per  lid  the  manipulation  is  more  dif- 
ticult,  but  it  can  be  accomplished  by  pushing  the  lower  lid  beneath  the  margin 
of  the  upper  in  such  a  manner  that  it  acts  as  a  wedge  on  which  the  superior 
lid  is  then  everted. 

The  lower  lid  is  everted  readily  by  placing  the  tip  of  the  fore  finger  against 
the  edge  of  the  lid  and  drawing  it  downward,  at  the  same  time  pressing  the 
finger  backward  until  the  lid  is  turned  over  it. 

The  surgeon  should  also  inspect  the  skin  of  the  face,  examine  for  scars, 
and  investigate  the  wrinkles  in  the  forehead  and  between  the  brows.  The 
supraorbital  ridge,  the  general  character  of  the  orbits,  and  the  position 
and  sha])e  of  the  globes  should  next  be  studied.  Palpdtion  of  the  orbit 
by  passing  the  finger  beneath  the  supraorbital  ridge  above,  along  the  mar- 
gin of  the  malar  bone  and  the  su])erior  maxillary  below,  and  to  the  outer 
and  inner  sides,  may  reveal  the  presence  of  accunudations,  superficial  growths, 
enlargement  of  the  lachrymal  gland,  etc.  Finally,  the  action  of  the  orbicu- 
laris should  be  ascertained  by  causing  the  patient  to  close  his  eyes  as  if  in 
sleep,  and  note  made  of  the  absence  or  presence  of  fibrillary  contraction. 
AVhen  the  eyes  are  opened  the  length,  w  idth,  and  synnuetrv  of  the  palpebral 
fissures  and  the  condition  of  the  commissural  angles  may  be  studied  (see 
page  31). 

Blood-vessels  of  the  Conjunctiva. — In  health  only  a  few  con- 
spicuous blood-vessels  are  to  be  observed ;  in  inflammation  many  more 
become  visible.  The  conjunctival  blood-su])ply  may  be  conveniently  di- 
vided, as  Mr,  Nettleshi])  has  done,  into  three  systems: 

System  I. — Posterior  conjunctival  vessels,  whose  congestion  produces  a 
bright-red,  velvety  color,  moving,  on  pressure  of  the  eyelids,  with  the  shift- 
ing of  the  conjunctiva,  usually  associated  M'ith  muco-purulent  secretion  and 
i n d i ca ting  conj u n ct i v i t i s. 

System  II. — Anterior  ciliary  vessels  comj)osed  of  perforating  and  non- 
perforating  arteries  and  veins.  The  jierforating  arteries,  which  supply  the 
sclerotic,  iris,  and  ciliary  bodies  are  the  branches  seen  in  health  entering 
about  5  mm.  from  the  corneal  margin,  their  ])oints  of  entrance,  in  dark- 
complexioned  people,  often  being  distinctly  tinted. 

The  non-perforating  (episcleral)  branches,  invisible  in  the  normal  eye, 
produce,  when  congested,  a  pink  zone  surrounding  the  cornea  ("ciliary  con- 
gestion," "  circumcorneal  zone"),  not  moving  on  pressure  of  the  lids  with 
the  shifting  of  the  conjunctiva,  unassociated  with  purulent  discharge,  and  one 
indication  of  iritis. 

The  ])erforating  veins  and  their  non-perforating  (e]")iscleral)  twigs,  when 
congested,  create  a  zone  of  dusky  hue,  often  a  symptom  of  glaucoma,  or 
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appear  in  unequal  deep-seated  patches  of  lilac  or  violaceous  color,  pointing 

to  cvclitis  or  seleriti^.  . 

System  III.— Anterior  conjunctival  vessels  and  the  plexus  ot  capillaries 
surrounding  the  cornea,  derived  from  anterior  ciliary  vessels  through  whose 
numerous  small  branches  anastomosis  between  Systems  I.  and  11.  takes 
place.  Tlieir  congestion  produces  a  circle  of  bright-red  injection,  often  partly 
on  the  cornea,  a  sign  of  inHammation  of  tiiis  membrane,  and  typihed  in  the 
early  vascular  stages  of  interstitial  keratitis. 

In  addition  to  these  three  varieties  of  congestion  numerous  departures  are 
noticeable,  making  it  impossible  to  specify  the  individual  system  involved. 


Ant.O>nj. 


PestCen; 


Fig.  95.— Vessels  of  the  front  of  the  eyeball :  c?h,  cili<ary  muscle  :  CT.,  choroid  ;  Sc?.,  sclerotic ;  V.  F.,  vena 
vortlcosa;  i.,  marginal  loop-plexus  of  cornea;  and  Post.  Co??./.,  anterior  and  posterior  conjunctival 
vessels ;  Ant.  Oil.,  A  and  V,  anterior  ciliary  arteries  and  veins  (after  Nettleship's  alteration  from  Leber). 

In  these  types  is  found  a  definite  local  injection,  as  the  leash  of  vessels 
passing  to  a  corneal  ulcer;  or  all  systems  are  commingled  in  a  general 
inflammation. 

Temperature  of  the  Conjunctival  Sac. — This  may  be  measured 
with  a  suitable  thermometer  having  attached  to  it  concavo-convex  mercury 
plates  which  are  placed  in  the  lower  conjunctival  sulcus,  or,  more  accurately, 
as  in  physiological  experiments,  with  thermo-electric  couples.  Silex  ^  found 
the  temperature  of  the  lower  human  conjunctival  fold  to  be  35.55°  C.  (95.99° 
F.) — i.  e.  about  2°  C.  lower  than  that  of  the  rectum, — and  in  inflamed  eyes 
noted  an  average  increase  of  0.98°  C.  The  highest  conjunctival  temperature 
is  found  in  acute  iritis,  but  even  then  does  not  equal  the  normal  body-tem- 
perature. 

'  Archives  of  Ophthalmology,  1893,  xxii.  p.  451. 
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Inspection  of  the  Cornea. — This  will  reveal  inflaninuition,  ulcera- 
tion, opacities,  the  track  of  former  blood-vessels,  exudates  upon  its  posterior 
surface,  and  foreign  bodies.  Slight  irregularities  may  be  detected  by  placing 
the  patient  before  a  window,  while  his  eyes  are  made  to  follow  the  uplifted 
finger  held  about  a  foot  from  his  face  and  moved  in  various  directions  ;  the 
image  of  the  window-bars  reliected  from  the  cornea  will  be  broken  as  it 
crosses  the  spot  of  inequality.  In  the  same  manner  abnormalities  in  the 
curve  of  the  cornea  may  be  roughly  ascertained,  because  if  the  curve  is  nor- 
mal the  reflection  does  not  change,  at  least  in  the  central  portion  of  the  cornea  ; 
if  the  curve  is  abnormal  or  the  surface  of  the  cornea  irregular,  there  is 
corresponding  distortion  in  the  size  or  shape  of  the  reflection. 

A  more  accurate  method  is  to  employ  a  hcrntoficope,  or  P/acido's  disk,  as 
it  is  called.    This  instrument  consists  of  a  disk  shaped  like  a  target,  upon 

which  are  drawn  concentric  black  circles, 
a  sight-hole  being  in  the  center.  The 
patient  is  placed  with  his  back  to  the 
window,  while  the  surgeon  holds  the 
instrument  30  cm.  in  front  of  the  eye, 
and,  looking  through  the  central  aperture, 
observes  the  reflections  of  the  circles 
from  the  cornea.  If  these  are  broken 
or  distorted,  the  indications  of  irregu- 
larity in  the  surface  are  present  (Fig.  96). 
Any  irregularity  on  the  surface  of  the 
cornea  is  quickly  detected  by  the  method 
of  keratometry,  especially  with  the  oph- 
thalmometer of  Javal  andSchiotz  (see  page 


Fig.  96.— Placido's  disk  or  keratoscope. 


Fig.  97.— Priestley  Smith's  keratometer. 


197),  the  reflections  of  the  targets  being  greatly  distorted  as  they  cross  the 
point  of  irregularity. 

Abrasions  and  ulcers,  even  when  minute,  may  be  differentiated  by  drop- 
ping into  the  eye  a  concentrated  alkaline  solution  of fluorescin  (Gri'ibler's  fluo- 
rescin  2  per  cent.,  carbonate  of  soda  3.5  per  cent.),  which  colors  greenish- 
yellow  that  portion  of  the  cornea  deprived  of  its  epithelium,  while  the  healthy 
epithelium,  or  even  that  epithelium  which  is  simply  roughened  and  opaque,  as 
in  keratitis,  remains  unaffected.  A  minute  foreign  body  may  thus  be  located 
if  situated  in  the  centre  of  an  abrasion,  because  it  appears  as  a  black  dot  sur- 
rounded by  a  green  area.  So,  also,  may  the  progress  of  a  corneal  ulcer  be 
studied,  the  color  test  differentiating  sharply  that  portion  of  the  ulceration 
which  is  still  active  from  that  which  is  covered  with  new-formed  epithelium. 

The  Width  of  the  Cornea. — This  may  be  measured  approximately  by 
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holding:  before  it  a  rule  marked  in  niillinieters  and  noting  the  number  of  spaces 
its  width  occupies,  or,  more  accurately,  by  employing  Pi'iestley  Smith's  kcra- 
tometcr.  This  instrument  consists  of  a  scale  situated  between  two  plano-convex 
lenses.  Tlie  surgeon  places  his  eye  at  the  ])rincij)al  focus  of  the  combination, 
and,  holding  the  scale  before  the  patient's  eye,  observes  that  the  cornea  sub- 
tends on  the  scale  exactly  its  width  (Fig.  97).  The  average  horizontal  diam- 
eter of  the  normal  cornea  is  11.6  mm.  (Priestley  Smith). 

The  Sensibility  of  the  Cornea. — Tiiis  may  be  tested  by  gently  touch- 
ing the  surface  of  this  membrane  with  a  wisp  of  cotton  twisted  to  a  fine  point. 
If  sensation  is  intact,  the  touch  will  instantly  be  followed  by  the  reflex  action 
of  winking.  As  a  control  the  opj)osite  eye  may  be  similarly  examined.  If  the 
cornea  is  found  insensitive,  the  forehead  and  face  should  be  examined  for  areas 
of  anaesthesia  either  with  the  point  of  a  moderately  blunt  pin  or  with  an 
esthcHio meter.     Thermic  as  well  as  tactile  sensibility  should  be  investigated. 

Oblique  Illumination. — The  surgeon  places  the  patient  two  feet  from 
the  source  of  iUumination  and  focusses  a  beam  of  light  with  a  two-inch  or 
three-inch  lens  upon  the  cornea,  at  the  same  time  observing  the  surface  under 


Fig.  98.— Method  of  oblique  illumination. 


examination  through  a  lens  of  the  same  focal  distance,  which  acits  as  a  mao-- 
nifier,  held  between  the  thumb  and  fore  finger,  the  disengaged  fingers  beino- 
utilized  to  elevate  the  upper  lid  (Fig.  98).  The  distance  of  the  lens  must  be 
varied  slightly  to  bring  the  various  tissues — tlie  cornea,  iris,  or  crystalline 
lens— within  its  focus,  the  patient  being  required  to  look  up,  dowii,  and  to 
either  side  while  the  anterior  surfaces  and  media  of  the  eve  are  illuminated. 
To  detect  a  foreign  body  the  light  should  be  directed  at  an  acute  angle,  but 
if  the  pole  of  the  lens  is  to  be  examined  the  light  should  be  thrown  perpen- 
dicuhirly  into  the  i)upil,  the  surgeon  placing  his  eye  in  the  same  direction 
without  interfering  with  the  light.  By  this  method  minute  abrasions,  foreign 
bodies,  nebuhc,  and,  in  short,  all  corneal  changes,  may  be  examined.  The  cha- 
racter of  the  aqueous  humor,  tlie  depth  of  the  anterior  chamber,  the  surface  of 
the  iris,  synechiae,  atrophic  fibers,  small  tumors,  and  persisting  pupillary  mem- 
brane are  readily  studied,  and,  finally,  o]>acities  in  the  anterior  capsule  and  axis 
of  tiie  lens  can  be  investigated,  and  by  focussing  deeply  even  the  anterior 
layers  of  the  vitreous.  This  routine  examination  should  never  be  omitted. 
Recently  Dr.  Edward  Jackson  has  designed  a  binocular  mac/nifying  lens 
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for  examination  of  the  eye  by  oblique  illumination,  which  is  a  material  aid. 
Two  lenses  are  placed  side  by  side,  and  so  joined  that  the  visual  line  of  the 
right  eye  pierces  the  right  lens  near  its  optical  center,  while  the  visual  line  of 
the  left  eye  pierces  the  left  lens  near  its  optical  center.  This  gives  each  eye 
an  undistorted  held  all  around  the  point  of  fixation,  and  these  fields  can  be 
combined  in  full  binocular  vision. 

In  place  of  this  lens  a  corneal  loupe  may  be  employed.  This  is  a  lens, 
properly  mounted,  by  which  the  cornea  is  strongly  magnified.  A  corneal 
microscope,  or  a  specially  prepared  lens  of  high  power,  permits  the  study  of 
minute  changes  in  this  membrane,  and  is  utilized  for  the  examination  of 
traces  of  former  vascularization,  and  by  its  help  even  the  circulation  of  blood 
in  the  vessels  constituting  a  pannus  may  be  studied. 

The  Color  of  the  Iris.— Blue  and  gray  are  the  predominating  hues  in 
the  irides  of  the  inhabitants  of  northern  countries;  brown  occurs  next  in 
frequency,  while  the  various  admixtures  produce  yellow  and  green  shades. 
Perfectly  black  irides  are  never  seen,  but  dark  irides,  taking  the  whole 
population  of  the  world,  are  the  most  frequent  in  occurrence.  With  rare 
exceptions  the  color  of  the  iris  of  all  new-born  children  is  of  a  light  grayish- 
blue.  The  stromal  pigment  is  developed  subsequently,  and  the  color  of  the 
iris  does  not  become  fixed,  so  to  speak,  until  about  the  third  month. 

Slight  differences  in  shade  between  the  two  irides  are  not  uncommon. 
More  rarely,  even  in  health,  the  irides  ditfer  in  color  (chromatic  asymmetry), 
one  being  brown  or  greenish,  the  other  blue  or  gray.  Under  these  conditions 
one  iris  usually  corresponds  in  color  with  the  irides  of  one  parent,  and  the 
remaining  iris  with  those  of  the  other  parent.  Instead  of  uniform  pigmenta- 
tion a  single  triangular  patch  or  several  irregular  spots  of  dark  color  may 
appear  upon  one  or  both  irides  (piebald  irides).  When  these  spots  are  small 
they  have  sometimes  been  mistaken  for  foreign  bodies.  While  chromatic 
asymmetry  is  perfectly  compatible  with  health,  it  is  stated  to  be  more  com- 
mon in  patients  with  neuropathic  tendencies — for  example,  in  chorea  and 
epilepsy.  In  25  of  50  cases  of  chorea  of  childhood  (Sydenham's  chorea)  ex- 
amined by  the  author  the  irides  were  equal  in  color  and  shade  ;  in  the  remain- 
ing 25  there  were  slight  differences  in  shade  or  tone.  In  only  1  of  these  25 
was  there  any  true  asymmetry  of  color.  In  some  instances  of  chromatic 
asynmietry  there  is  liability  to  disease,  especially  to  cataract,  on  the  part 
of  the  lighter  eye.  This  susceptibility  may  be  present  in  several  members 
of  the  same  family. 

Discoloration  from  disease  causes  one  iris  to  be  green,  while  its  fellow 
remains  blue.  This  indicates  iritis  or  cyclitis.  It  is  often  an  early  symp- 
tom of  infiammation  of  the  iris,  and  siiould  be  looked  for  in  everv  inflamed 
eye. 

The  Pupil. — The  size  of  the  pupil  in  health  varies  with  exposure  to  light 
and  with  accommodation  and  convergence.  It  is  also  influenced  by  age,  the 
color  of  the  iris,  and  the  character  of  the  refraction.  Other  things  being 
equal,  the  pupil  is  generally  smaller  in  old  age,  in  blue  eyes,  and  in  eyes  with 
hyperopic  refraction,  while  it  is  larger  in  youth,  dark  eyes,  and  eyes  with 
myopic  refraction.  There  is  no  physiological  standard  on  which  to  base  a 
measurement,  but  with  accommodation  at  rest  the  diameter  of  the  pupil  varies 
from  2.44  to  5.82  mm.,  the  average  diameter,  according  to  Woinow,  being 
4.14  mm.  Under  similar  illumination  the  pupils  should  be  round  and  of 
equal  size,  although  a  large  number  of  measurements — for  instance,  those 
made  among  healthy  military  recruits — indicate  that  slight  differences  in  the 
width  of  the  pupils  are  compatible  with  health. 
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Measurement  of  the  Pupil.— The  pupil  can  be  measured  approxi- 
mately  by  holding  before  it  a  rule  marked  in  millimeters  and  noting  the 

number  of  spaces  its  width  occupies.  The  chief 
objection  to  this  method  is,  as  Edward  Jackson 
points  out,  that  the  distance  subtended  on  the  rule 
is  less  tlian  the  diameter  of  the  pupil,  in  proportion 
as  the  distance  from  the  observer's  eye  is  less  to  the 
rule  than  to  the  pupil.  For  the  purpose  of  accurate 
measurement  a  number  of  instruments  have  been 
devised,  known  as  pupiUometers.  A  simple  and 
useful  device  is  one  which  consists  of  a  scale  of  cir-  * 
cles  held  close  to  the  observed  eye,  the  scale  being 
FIG.  99.-simpie  pupiiiometer.    slowly  rotated  Until  that  circlc  which  matches  the 

pupil  in  size  is  reached  (Fig.  99).  Priestley  Smith  s 
keratometer  (Fig.  97)  can  also  be  employed. 

The  Pupil-reactions  and  Methods  of  Testing  Them. — A  uniform  light 
should  be  employed  and  the  character  of  the  light  should  be  stated.  As 
Turner  insists,  the  light  employed  for  testing  the  sensitiveness  of  the  retina 
or  visual  center  should  not  be  more  intense  than  that  to  which  the  eye  is 
usually  accustomed.  Therefore,  except  under  certain  circumstances,  exami- 
nations made  by  reflecting  light  into  the  eye  with  a  mirror  or  by  passing  a 
flame  in  front  of  the  eye  are  not  accurate.  It  is  much  to  be  regretted  that  in 
recorded  examinations  such  loose  statements  as  "  pupils  dilated,"  "  pupils 
contracted,"  ''pupils  medium-sized,"  have  been  so  much  used. 

Mobility  of  the  Iris. — The  reflex  mobility  of  the  pupil  ^  is  tested  to 
ascertain  the  presence  of  attachments  between  the  iris  and  the  lens  (synechias), 
or  immobility  from  atrophy  of  the  iris,  or  to  examine  the  sensitiveness  to 
light  of  the  retina  or  visual  center. 

[a)  The  patient,  placed  before  a  window  in  diffiise  daylight,  with  one 
eye  carefully  excluded,  is  directed  to  look  into  the  distance  with  the  exposed 
eye,  which  is  then  shaded,  when,  in  the  absence  of  abnormalities,  a  consider- 
able dilatation  of  the  pupil  will  occur.  On  removal  of  the  covering  hand  or 
card,  contraction  to  the  same  size  as  that  which  existed  before  the  test  was 
applied  takes  place.  This  is  the  direct  reflex  action  of  thej^upil,  and  is  brought 
al)out  by  a  muscular  contraction  of  the  sphincter  of  the  iris  following  the 
stimulation  of  the  optic  nerve. 

(6)  If  during  this  examination  the  other  pupil,  which  has  been  shaded  by 
a  card  or  covering  hand,  is  observed,  it  will  be  found  acting  in  unison  with 
its  fellow.  This  is  the  consensual  or  indirect  reflex  action  of  the  pupil.  The 
iris  response  to  light-stimulus  should  also  be  tested  with  both  eyes  open  and 
exposed  to  the  same  source  of  illumination.  The  eyes  should  then  be  covered 
and  exposed  alternately  and  the  pupil-reactions  noted.  Under  normal  con- 
ditions the  pupils  should  be  equal,  not  only  with  both  eyes  open,  but  with 
one  eye  shaded. 

(c)  If  the  patient  is  required  to  look  into  the  distance  and  then  quickly 
direct  his  eyes  at  a  near  object — for  example,  the  point  of  a  pencil  held  at  a 
distance  of  about  10  cm. — pupillary  contraction  occurs  under  the  influence  of 
accommodation  and  convergence ;  that  is,  the  sphincter  of  the  iris  contracts 
in  association  with  the  ciliary  muscle  and  the  internal  recti.  This  is  the 
associated  action  of  the  pupils  (convergence-reaction).     Accommodation  in- 

'  It  is  customary  to  speak  of  the  action  or  reaction  of  the  pupil,  although  really  the  mo- 
bility of  the  iris  is  ascertained.  For  convenience  :  "mobility  of  the  iris"  is  synonymous  with 
"  pupil-reaction." 
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creases  pupillary  contraction,  but  this  does  not  take  place  under  the  influence 
of  accommodation  unassociated  with  convergence.  It  does  occur  with  con- 
vergence without  the  act  of  accommodation. 

{(I)  A  second  reflex  action  of  the  iris,  the  other  being  its  contraction  under 
the  stimulus  of  a  beam  of  light  (direct  light-reaction,  paragraph  a),  consists 
of  a  dilatation  of  the  pupil  when  some  cutaneous  nerve  is  stimulated, 
especially  one  in  the  skin  of  the  nock.  Tiiis  is  the  skin  reflex  (pain-reaction), 
and  may  be  tested  by  pinching  the  skin  of  the  neck,  or,  better,  by  using  a 
faradic  brush. 

(e)  Finally,  the  reaction  of  the  iris  to  the  my(h*iatics  and  myotics  may  be 
tried,  especially  that  produced  by  cocain,  which  in  the  normal  eye  should  cause 
nearly  full  mydriasis  and  widening  of  the  palpebral  fissure  from  stimulation 
of  the  sympathetic.    (For  the  physiology  of  pupil-phenomena  see  page  96.) 

Abnormal  Pupillary  Reactions,  or  the  Pupil  in  Disease.' — When 
about  to  investigate  pupil-reactions  six  possibilities,  as  William  McEwen 
points  out,  should  suggest  themselves  to  the  examiner — namely,  (a)  The  action 
of  drugs  ;  [b)  ocular  disease  or  o]>tical  defects ;  (c)  spinal  or  sympathetic 
lesions  ;  (d)  localized  cerebral  lesions  in  special  centers  or  tracts  ;  (e)  abeyance 
of  brain-function  ;  (/)  cerebral  irritation.  For  the  convenience  of  ascertain- 
ing in  what  portion  of  the  path  of  the  pupil-reflex  the  lesion  is  situated 
Magnus"^  has  divided  it  into  the  following  three  portions: 

1.  The  Centripetal  Part,  including  the  Optic  Nerve,  Chiasms,  Tracts,  and  Connecting 
Fibers  to  the  Cortex. — If  there  is  interruption  of  the  conducting  power  of  one  optic 
nerve — for  example,  the  right — illumination  of  the  pupillary  area  on  that  side  fails  to 
elicit  either  the  direct  or  the  indirect  reflex  action  of  the  pupil.  On  the  other  hand, 
illumination  of  the  left  eye  causes  its  own  pupil  to  contract  (direct  reflex),  as  well  as 
the  pupil  of  the  right  or  affected  eye  (indirect  reflex). 

Lesions  affecting  the  chiasm  and  the  tract  are  accompanied  by  hemianopsia  (see 
page  481)  and  the  special  pupillary  phenomena  which  belong  to  this  condition,  while 
lesions  in  the  optical  pathway  between  the  corpora  quadrigemina  and  the  cortex,  although 
accompanied  by  probable  changes  in  the  visual  field,  are  unassociated  with  pupillary 
disturbances. 

2.  The  Part  of  the  Rejlex  Ring  which  carries  the  Light  Impulse  from  the  Corpora  Quad- 
rigemina to  the  Oculo-motor  Nuclei  [Mei/nerfs  Fibers). — If  both  sides  are  affected,  neither 
pupil  reacts  to  the  impulse  of  light  falling  on  either  eye,  but  there  is  normal  reaction  to 
accommodation  and  convergence.    (See  Argyll-Eobertson  symptom,  below.) 

3.  The  Centrifugal  Portion  of  the  Reflex  Ring  {the  Nucletis  of  the  Sphincter  of  the  Iris, 
the  Third  Nerve,  and  the  Termination  of  the  Third  Nerve  in  the  Iris). — If  the  right  nucleus 
is  affected,  the  direct  light-reflex  action  of  the  right  pupil  is  abolished,  and  also  its 
indirect  reflex.  A  beam  of  light  directed  into  the  left  eye  is  followed  by  pupil-reaction  in 
that  eye  (direct  reflex).  Pupil-reaction  in  that  eye  also  follows  light  stimulus  of  the  oppo- 
site or  right  eye  (indirect  reflex),  but  is  somewhat  lessened  in  degree.  The  pupils  react 
normally  to  accommodation  and  convergence,  and  are  unequal,  the  right  being  the  wider. 

If  the  trunk  of  the  right  oculo-motor  is  affected,  there  is  pujiillary  immobility  under 
the  influence  of  light  directed  into  the  right  eye,  and  also  when  it  is  directed  into  the 
left  eye,  as  well  as  loss  of  accommodation  upon  the  right  side.  Light  falling  into  the 
left  eye  produces  on  this  side  a  normal  reaction  which  is  also  manifested  if  tlie  light  is 
directed  into  the  opposite  eye.  Tlie  pupils  are  unequal,  the  right  being  the  larger. 
Similar  conditions  arise  if  the  peripheral  fibers  of  the  oculo-motor  at  their  termination 
in  the  iris  are  affected  upon  one  side. 

We  have  now  to  consider  a  little  more  in  detail : 

1.  Dilatation  of  the  Pupil  (Mydriasis). — This  occurs  in  ocular  disease — for 
instance,  glaucoma — in  cases  of  non-conductivity  of  light  (optic-nerve  atrophy),  in 
orbital  disease,  and  under  the  influence  of  mydriatic  drugs.  It  is  further  seen  in  fright, 
emotion,  anemia,  in  depressed  nervous  tone,  neurasthenia,  aortic  insufficiency,  and  irri- 

^  The  following  paragraphs  are  abstracted  from  the  author's  chapter  on  "  Diseases  of  the 
Optic,  Oculo-aiotor,  Pathetic,  and  Abducens  Nerves,"  in  A  Text-Book  of  Nervous  Diseases  by 
American  Authors,  edited  by  F.  X.  Dercum,  1895,  pp.  794-803. 
Klin.  Mmatshl.f.  Augenheilk.,  xxvi.  p.  255. 
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tation  of  the  cervical  sympathetic.  It  is  noticed  in  vomiting,  forced  respiration  and 
anemia  of  tlie  brain— for  example,  syncope— and  is  said  to  be  present  in  persons  ot  low 
mental  development.  .  . 

In  disease  of  the  nervous  system  dilatation  of  the  pupil,  when  of  cerebral  origin, 
indicates  extensive  lesion;  when  of  spinal  origin,  irritation  of  the  part  (McEwen). 
Systematic  writers  have  divided  dilatation  of  the  i)iipil  into  irrUation-viydria-ns,  caused 
by  irritation  of  the  jnipil-dilating  center  or  fibers,  and  parnlytie  mi/driasis,  caused  by 
paralysis  of  the  pupil-contracting  center  or  fibers,  or  by  ftiilure  of  the  stimulus  to  be 
conducted  from  the  retina  to  the  center. 

The  former  is  apt  to  be  seen  in  hyperemia  and  irritation  of  the  cervical  portion  of 
the  spinal  cord,  in  spinal  meningitis",  in  cases  of  tumor  of  the  spinal  cord,  and  also, 
under  certain  circumstances,  in  tumor  of  the  cerebral  contents,  in  psychical  excitement 
—for  example,  acute  mania— and  in  tabes  dorsalis  and  progressive  paralysis  of  the 
insane. 

The  latter,  which  is  also  known  as  iridoplegia,  is  found  in  disease  at  the  base  of  the 
brain  affecting  the  center  of  the  third  nerve,  in  pressure  of  the  cerebrum  when  in  great 
amount,  as  from  hemorrhage,  tumors,  advanced  thrombosis  of  the  sinuses,  or  large 
abscesses;  also  in  the  late  stages  of  meningo-enceplialitis.  It  is  said  to  be  present  in 
acute  dementia  when  there  is  edema  of  the  cortex,  and  is  found  in  cerebral  softening. 
Hemorrhage  into  the  centrum  ovale  and  cerebral  peduncles  also  ])roduces  mydriasis 
(McEwen). 

2.  Contraction  of  the  Pupil  (Myosis).— This  appears  in  congestion  of  the  iris, 
paralysis  of  the  sympathetic  and  also  of  the  fifth  nerve,  in  certain  fevers,  in  plethora, 
venous  obstruction,  mitral  disease,  and  under  the  influence  of  myotics. 

If  the  myosis  is  of  cerebral  origin,  it  indicates  an  irritative  stage  of  the  affection  ; 
if  of  spinal  origin,  a  depression,  paralysis,  or  even  destruction  of  the  part  (McEwen). 
Systematic  writers  divide  contraction  (if  the  pupil  into  irritation-niyosis,  caused  by  irri- 
tation of  the  pupil-contracting  center  or  fibers,  and  paraUjtic  myosis,  caused  by  a  paral- 
ysis of  the  pupil-dilating  center  or  fibers,  or  by  a  combination  of  both. 

Irritafion-mi/osis,  as  just  noted,  is  found  in  the  inflammatory  affections  of  the  brain 
and  its  meninges — e.  g.  meningitis,  abscess  (at  first  the  myosis  is  on  same  side  as  le- 
sion), and  beginning  sinus-disease.  According  to  the  rule  previously  given,  myosis  may 
change  to  dilatation  if  the  products  of  disease  become  excessive  ;  hence  the  serious  prog- 
nostic import  of  mydriasis  under  these  circumstances.  Myosis  is  seen  in  the  early 
stages  of  cerebral  tumor,  in  small  hemorrhages  into  the  cerebellum,  and  at  the  onset  of 
cerebral  apoplexy.  Berthold,  quoted  by  Swanzy,  uses  myosis  as  a  diagnostic  symptom 
between  apoplexy  and  embolism.  McEwen  points  out  that  the  convulsions  arising 
from  meningo-encephalitis  are  accompanied  by  myosis,  while  those  due  to  epilepsy  are 
usually  associated  with  mydriasis.  Apoplexy  of,  or  pressure  upon,  the  pons  is  associated 
with  myosis. 

Paralytic  myosis  [spinal  myosis)  occurs  in  lesions  of  the  cord  above  the  dorsal  verte- 
bra. It  is  especially  noteworthy  in  tabes  dorsalis.  At  first  the  pupil  reacts  to  light 
and  convergence,  but  later  exhibits  the  Argyll- Robertson  phenomenon  (or  reflex  irido- 
plegia) ;  that  is,  it  responds  only  slightly  or  not  at  all  to  the  light-impulse,  but  the 
associated  action  of  the  iris — or,  in  other  words,  the  contraction  of  the  pupil  in  accom- 
modation and  convergence — is  ])reserved.  The  lesion  under  these  circumstances  is  prob- 
ably in  the  fibers  which  pass  from  the  proximal  end  of  the  optic  nerve  to  the  oculo- 
motor nuclei.  Turner  contends  that  a  single  lesion  in  the  fore  part  of  the  oculo-motor 
nuclei  in  the  Sylvian  gray  matter  is  the  cause  of  both  myosis  and  reflex  iridoplegia. 

Paralytic  myosis  is  also  met  with  in  paralysis  of  the  insane,  pseudo-dementia 
paralytica  of  syphilitic  origin,  bulbar  palsy  when  complicated  with  progressive  muscular 
atrophy  or  sclerosis  of  tl\e  brain  and  spinal  cord,  and,  according  to  Mills,  in  some  forms 
of  multiple  neuritis.  The  iris  reacts  peculiarly  to  mydriatics,  which  dilate  this  type  of 
pupil  only  partially,  and  their  effect  is  for  a  long  time  manifest.  Cocain,  however, 
readily  expands  the  small  pupil  of  reflex  iridoj)legia  (Heddteus).  Myotics  contract  it 
ad  maximum. 

Unilateral  reflex  iridoplegia,  or  that  condition  when  one  pupil  is  unaffected  by  vary- 
ing degrees  of  illumination  of  both  eyes,  but  reacts  to  accommodation,  the  unaffected 
pupil  responding  to  separate  light-stimulus  of  either  eye,  may  exist  with  or  without 
mydriasis,  and  usually  is  wider  than  its  fellow.  It  is  seen  in  tabes  dorsalis  and  syphilitic 
cases.  It  is  probably  due  to  lesion  in  the  sphincter  nucleus.  It  should  be  distinguished 
from  unilateral  reflex  blindness  (see  ^  1,  p.  149). 

The  reverse  of  the  Argyll-Robertson  symptom  has  been  observed,  and  indicates 
disease  in  a  special  j)art  of  the  oculo-motor  nucleus. 

Unequal  pupils  (anisocoria)  are  rarely  seen  in  health,  although  it  is  stated  by 
one  observer  (Iwauow)  that  among  134  healthy  military  recruits  the  right  pupil  was 
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larjrer  in  49  and  the  left  in  53,  equal  width  beiiifj  found  in  only  12.  If  there  is  recent 
wide  dilatation  of  one  iHii)il  and  no  disease  of  tlie  eye,  the  ins'tillation  of  a  mydriatic 
may  be  suspected.  Unequal  j)ui)ils  occur  in  eyes  with  widely  dissimilar  relraction  if 
one  eye  is  blind,  in  aneurysm,  dental  disease,  traumatism,  and  in  diseases  of  the  nervous 
system.  If  the  disease  is  cerebral,  unequal  jiupils  denote  unilateral  or  focal  disease. 
They  are  not  uncommon  in  tabes,  disseminated  sclerosis,  and  paralytic  dementia. 

Varying  inequality  of  the  pupils,  or  a  mydriasis  now  occurring  on  the  one  side 
and  now  on  the  other,  is,  according  to  Von  Graefe,  a  serious  premonitory  symptom  of 
insanity. 

Special  Pupillary  Phenomena.— The  hemiopic  puj)illary  inaction  is  referred 
to  on  page  480.  The  cerebral  cortex  rejlex  of  the  ;9Mp/Y  (Haab's  reflex)  consists  of  a 
marked  bilateral  pupillary  contraction  which  "takes  place  if  the  patient  sits  in  a  dark- 
ened room  and  directs  without  change  of  accommodation  or  convergence  his  attention 
to  a  bright  object  already  present  within  the  compass  of  the  field  of  vision. 

Harold  Gilford  has  described  an  orbicularU  pupillary  reaction  ;  that  is,  a  contrac- 
tion of  the  pupil  which  takes  place  when  a  forcible  effort  is  made  to  close  the  lids. 
The  discoverer  explains  tliis  as  the  result  of  an  overflow  stimulus,  attempted  closure  of 
the  lids  exciting  in  the  nucleus  of  the  orbicularis  fibers  of  the  facial  an  activity  which  is 
transferred  to  the  pupil-contracting  center.  The  test  is  of  use  in  determining  whether 
the  pupil  sphincter  is  paralyzed. 

Paradoxical  Pupil-reactions.— Dilatation  of  the  pupil  under  the  influence  of 
light-stimulus,  and  contraction  when  it  has  been  shaded,  have  been  described  in  cases 
of  meningitis.    A  good  deal  of  doubt  has  been  cast  upon  this  type  of  pupil-reaction.^ 

Hippus,  which  is  a  normal  phenomenon  for  a  few  seconds  after  light-stimulus  to 
the  retina  and  optic  nerve,  consists  of  a  rhythmical  contraction  and  dilatation  of  the 
pupil  occurring  without  alteration  of  illumination  or  fixation.  It  is  seen  in  cerebro- 
spinal sclerosis,  disseminated  sclerosis,  neurasthenia,  hysteria,  psychical  disturbances, 
epilepsy,  and  acute  meningitis  in  its  early  stages.'^ 

Testing  Acuteness  of  Vision. — For  the  purpose  of  determining 
acuity  of  sight  test-tvpes  are  employed,  in  which  the  letters  are  of  variou.s 
sizes  and  are  constructed  according  to  the  methods  described  on  page  138. 

Inasmuch  as  many  good  eyes  possess  a  vision  of  five-fourths  of  the 
standard  angle,  Dr.  James  Wallace  of  Philadelphia  and  Dr.  Culver  of  Al- 
bany have  arranged  a  series  of  test-types  in  which,  instead  of  an  angle  of 
five  minutes,  one  of  four  minutes  has  been  substituted  as  the  basis  of  each 
letter. 

Dr.  Randall  points  out  that  tlic  order  of  the  letters  should  be  adjusted  so 
as  to  bring  the  confusion-letters  in  the  same  alternation.  It  is  preferable  to 
have  large  letters  at  the  top  of  the  card,  no  parti(;ular  advantage  accruing 
from  the  inverted  arrangement.  The  color  of  the  card  is  of  importance,  a 
cream  color  verging  on  the  India  tint  giving  the  best  definition  through 
lessening  of  irradiation  (Randall).  White  letters  on  a  black  background  are 
also  employed. 

When  it  is  desired  to  test  tiie  acuity  of  sight,  the  patient  is  placed  G  meters 
from  the  type-card,  in  a  well-lighted  room,  and  each  eye  is  tried  separately. 
If  the  letters  of  No.  6  (20  fe(!t,  apj)roximately)  are  read,  vision  is  normal  or 
1,  but  if  at  the  .same  di.stance  no  smaller  letters  than  those  numbered  18  (60 
feet)  can  be  discerned,  vision  is^.  It  is  usual  to  express  these  results  accord- 
ing to  the  formula,  1''=       in  which  ('stands  for  visual  acuteness,  d  for 

the  distance  of  the  patient  from  the  card,  and  T)  for  the  distance  at  which  tlie 
ty])e  should  be  read,  so  that  in  these  instances  the  vision  would  be  recorded 

I  and  /g^,  or  in  feet  (see  also  page  140). 

Any  other  distance  may  be  chosen,  provided  it  does  not  place  the  patient 

'  For  a  full  account  of  this  condition  see  Gaz.  hebdom..  No.  (52,  1896. 

'■'The  author  desires  to  acl<nowledge  much  indebtedness  to  Swanzy's  chapter  on  "The 
Motions  of  tlie  Pupil"  in  tlie  preparation  of  the  section  devoted  to  the  pupil. 
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closer  to  the  test-card  than  3  meters,  at  whicli  close  range  the  function  of  ac- 
commodation would  introduce  an  element  of  inaccuracy.  Thus,  the  scale  made 

15 

use  of  bj  De  Wecker  and  elaborated  bv  Oliver  assumes  f  (-^^t^j  approxi- 

mately),  instead  of  f  as  \.  In  like  manner,  a  4-meter  distance  may  be  util- 
ized, as  has  been  done  by  Edward  Jackson,  Kays  comino;  from  letters  at  6,  5, 
or  4  m.  have  so  little  divergence  when  thev  reach  the  eye  that  they  are  usually 
considered  parallel ;  hence  if  the  patient  sees  distinctly  at  this  distance,  his 
vision  is  perfect  at  the  longest  range.  In  point  of  fact,  however,  as  Frederick 
K.  Smith  has  insisted,  there  is  an  appreciable  divergence  of  rays  from  the 
distances  mentioned,  equivalent  respectively  to  ^,  ^,  and  ^  diopter  lens.  In 
the  final  adjustment  of  glasses  this  divergence  should  be  recognized. 

For  the  purpose  of  a  control  test,  and  also  for  determining  the  visual 
acuity  of  illiterate  persons,  cards  are  employed  on  which  a  number  of  black 
dots  and  disks  of  various  sizes  are  placed,  which  should  be  counted  at  dif- 
ferent distances.  Among  the  best  known  of  these  are  Burchardt's  "inter- 
national tests."  For  the  same  reason  Edward  Jackson  has  designed  a 
visual  test  which  is  an  incomplete  square,  the  incomplete  side  being  turned 
successively  in  different  directions  (see  also  page  140).  A  useful  test  for 
children  may  be  constructed  by  printing  on  a  card  small  pictures  of  well- 
known  objects  which  in  size  shall  approximately  conform  to  the  standard 
angle.    Such  a  series  has  been  published  by  Dr.  Woltfberg  of  Breslau. 

If  the  patient  fails  to  decipher  the  largest  letter  at  the  distance  employed, 
he  should  be  moved  closer  to  the  card.  Thus,  he  may  be  unable  to  read  the 
type  numbered  60  at  6  m.,  but  may  discern  this  at  4  m.,  T^=  -^^  or  -^^  of  nor- 
mal. Still  further  depreciation  of  visual  acuity  is  recorded  by  requiring  the 
subject  to  count  the  outstretched  fingers  at  various  distances  1,  or  2  m.), 
V  —  counting  fingers  at  the  distance  measured.  When  the  ability  to  distin- 
guish form  ((pialitative  light-])crce]>tion)  no  longer  exists,  the  perception  of 
light  should  be  tried  by  alternately  screening  and  shading  the  eye,  or  by  illu- 
minating the  eye  with  light  reflected  from  a  mirror  or  focussed  through  a 
magnifier. 

I/ight-sense. — Having  determined  the  acuity  of  vision  by  means  of  the 
test-letters,  the  examiner  has  ascertained  the  form-sense,  and  may  proceed  to 


Fig.  100.— Photometer  of  Forster  (Fuchs). 

investigate  a  second  subdivision  of  the  sense  of  sight,  the  light-sense,  which 
is  the  power  posse.s.sed  by  the  retina,  or  center  of  vision,  of  appreciating  vari- 
ations in  the  intensity  of  the  source  of  illumination.  An  instrument  called  a 
photometer  is  employed  for  this  purpose,  and  consists  essentially  of  an  appa- 
ratus by  which  the  intensity  of  two  sources  of  light  may  be  compared  as,  for 
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example,  in  the  apparatus  of  Izard  and  (  'liil)ret.  The  patient,  looking  into 
the  instrument,  sees  two  equally  bright  disks.  One  disk  is  now  made  darker, 
and  the  pmvcr  of  the  eye  to  perceive  the  difference  in  the  illumination  of 
the  two  disks  is  ascertained  ;  or  one  disk  is  made  entirely  dark  and  then 
gradually  illuminated,  and  the  smallest  degree  of  light  noted  by  which  the 
patient  can  perceive  the  disk  coming  from  the  darkness.  The  former  is 
called  /i(//it-(lifcrence  (L.  I).),  and  the  latter  /i(/hf-iiiinimum  (L.  M.). 

Other  instruments  iiave  been  invented  by  Forster,  Landolt,  and  R.  Wal- 
lace Henry.'  By  means  of  Forster's  photometer  (Fig.  100)  the  lowest  limit  of 
illumination  with  which  an  object  is  still  visible  (the  minimum  stimulus)  is 
ascertained.    The  following  description  is  taken  from  Fuchs  : 

"  A  box,  A,  blackened  on  the  inside,  bears  on  its  anterior  wall  two  apertures  for  the 
two  eyes,  a,  a,  which  look  through  these  apertures  at  a  plate,  T,  which  is  fastened  upon 
the  posterior  wall,  and  upon  which  large  black  stripes  upon  a  white  ground  are  placed 
as  test  objects.  The  illumination  is  produced  by  a  candle  of  one-candle  power,  L,  the 
light  from  which  falls  through  a  window,  F,  into  the  interior  of  the  box.  In  order  to 
make  the  illumination  perfectly  uniform,  the  window  is  covered  with  paper  which  is 
made  translucent  by  impregnating  it  with  fat.  By  a  screw,  iS,  the  size  of  the  window 
can  be  altered  from  complete  closure  up  to  an  aperture  of  6  square  cm.  The  ])atient  is 
made  to  look  into  the  apparatus  with  the  window  closed,  and  the  plate  therefore  unillumi- 
nated.  Then  the  window  is  slowly  opened  until  the  stripes  upon  the  plate  can  be 
recognized.  The  size  of  the  opening  requisite  for  this  purpose  gives  a  measure  of  the 
light-sense  of  the  person  examined.  In  conducting  this  examination  the  precaution 
must  be  adopted  of  making  the  patient  stay  beforehand  in  the  darkness." 

Some  information  in  regard  to  the  light-sense  may  be  obtained  by  testing 
the  acuity  of  vision  on  two  cards  under  a  different  degree  of  illumination, 
and  by  comparing  the  results  with  a  similar  examination  of  a  subject  believed 
to  have  normal  power  of  appreciating  different  degrees  of  illumination.  The 
patient  with  normal  light-sense  will  be  able  to  recognize  the  printed  letters 
\vhen  the  patient  with  defective  light-sense  is  unable  to  read  them.  It  is 
very  important  in  many  cases,  especially  of  slight  retinal  change,  to  ascertain 
the  acuity  of  sight  under  full  and  under  diminished  illumination. 

Color-sense. — A  third  subdivision  of  the  sense  of  sight  is  the  color- 
.sense,  or  the  power  which  the  retina  has  of  perceiving  color,  or  that  sensation 
wliich  results  from  the  impression  of  light  waves  having  a  certain  refrangi- 
bility.  This  examination  is  of  especial  interest  in  the  detection  of  color- 
blindness (see  page  603). 

Measurement  of  the  Vision  for  Colors. — Various  methods  are  em- 
ployed for  ascertaining  the  qualitative  and  quantitative  vision  for  colors. 
Direct  vision  for  colors  may  be  studied  by  placing  the  patient  at  a  given 
distance — for  example,  5  m. — from  a  chart  or  disk  of  graduated  colors.  In 
the  scale  of  T>e  Wecker  and  Masselon  the  colored  surface,  2  cm.  square, 
should  be  recognized  at  5  m.  ;  that  is,  the  chromatic  vision  F  C  or  C  =  1  ; 
if  a  colored  test  must  be  four  times  this  size  in  order  to  be  recognized, 
(7  =  etc.  (True  and  Valude).  Charles  A.  Oliver  has  designed  a  convenient 
apparatus  for  measuring  the  color-sense  in  this  manner  at  a  given  distance, 
and  has  found  that  red  requires  2|  mm.  of  surface  exposure  to  be  properly 
recognized  by  the  normal  eye  at  5  m.  distance  ;  yellow,  a  slightly  increased 
area  ;  blue,  8f  mm.;  green,  10|  mm.  ;  and  violet,  22f  mm. 

Selection  Tests. — Usually  one  or  other  of  the  methods  which  consist 
essentially  in  testing  the  power  to  match  colors  conveniently  used  in  the  form 
of  colored  yarns  is  employed.  Practically,  all  of  these  tests  are  modifications 
of  Holmgren's  wools,  a  specially  commendable  metliod  being  that  devised  by 

'  Ophthalmic  Review,  xv.,  Feb.,  1896. 
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Dr.  William  Thomson.    (For  the  full  consideration  of  these  tests  consult 

page  603.)  .  , 

Special  Tests.— In  order  to  obviate  the  change  which  occurs  in  the  color 
of  yarns,  etc.  the  color-sense  may  be  investigated  by  the  spectroscope,  which, 
hovvever,  is  not  convenient  for  office-work.  The  changeable  colors,  which 
are  colored  mixtures  like  those  of  wools,  may  be  produced  by  passing  polar- 
ized liglit  through  a  quartz  i)late  and  again  through  a  Nicol-prism. 

The  following  account,  condensed  from  Carl  Weiland's  '  description  of 
the  Javal-oi)hthahnometer  as  a  chromatometcr,  gives  the  essential  points  of 
instruments  constructed  for  this  purpose,  and  of  his  own  happy  modification 
of  the  ophthalmometer : 

In  the  color-measurer  of  Rose  the  light  is  passed  through  a  Nicol-prism  first,  and 
then  by  a  diaphragm  through  a  double  refracting  prism,  from  where  it  enters  first  a 
quartz  phxte  cut  at  right  angles  to  its  optic  axis,  and  finally  a  second  Nicol-prism.  Two 
circles  of  coniplementarv  colors  are  thus  produced,  which  change  continually  when  the 
upper  quartz  and  Nicol-prism  are  rotated,  but  always  remain  complementary  to  each 
other.  Konig's  ophthalmo-leakoscope  is  like  Rose's  instrument,  except  that  the  first 
Nicol-prism  is  wanting  and  that  quartz  plates  of  different  thickness— 5,  10,  or  15  mm. 
— are  used,  according  to  the  degree  of  color-saturation  required. 

In  Chibret's  chromato-photo-optometer  the  quartz  plate  is  cut  parallel  to  its  optic 
axis,  and  the  change  in  colors  is  obtained  by  inclining  the  plate  at  different  angles  to 
the  line  of  vision.  As  these  instruments  are  expensive,  Weiland  has  devised  a  chroma- 
tometer  which  he  describes  as  follows  : 

The  color  attachment  to  Javal's  keratometer  consists  "  of  a  straight  metal  tube, 
about  1^  inches  in  diameter,  reaching  from  the  place  where  the  patient's  cornea  usually 
is  to  about  the  beginning  of  the  barrel  of  the  telescope,  and  so  fastened  to  the  head-rest 
that  its  axis  coincides  with  the  axis  of  the  instrument.  At  the  front  part  of  this  color- 
tube  there  is  a  plane  glass  plate  behind  which  a  Nicol-prism  is  fastened  in  a  cork. 
From  this  prism  the  polarized  light  passes  by  a  round  diaphragm  through  af  quartz  plate, 
cut  at  right  angles  to  its  axis  and  about  5  mm.  thick. 

"  The  patient,  looking  with  the  Javal  through  this  tube,  will  see  two  large  color- 
fields  partially  overlapping  each  other.  These  color-fields  are  of  complementary  hues, 
while  the  place  of  overlapping  shows  white;  provided,  of  course,  that  white  light  as 
reflected  from  a  white  surface,  like  a  piece  of  white  paper,  is  employed  in  this  experi- 
ment. If  now  the  arc  of  Javal  be  rotated,  while  the  color-tube  remains  in  the  same 
position,  the  colors  will  change  continually,  but  always  remain  complementary,  return- 
ing, however,  to  their  original  hues  after  the  arc  has  been  rotated  through  90°. 

"  For  the  purpose  of  examination,  place  the  patient's  eye  at  the  ocular  of  the  in- 
strument, after  you  have  first  looked  in  yourself  and  given  to  the  new  color-tube  such  a 
position  that  blue  and  yellow  appear,  because  thus  most  color-blind  persons  will  recog- 
nize two  different  colors.  Now  ask  the  patient  whether  the  two  colors  are  exactly  alike 
or  at  least  shades  of  the  same  color.  If  he  answers  No,  turn  the  barrel  of  the  Javal 
slowly  through  90°,  telling  the  patient  to  stop  you  as  soon  as  the  two  colors  are  the 
same.  If  he  has  good  color-sense  he  will  always  see  two  different  colors,  but  if  he  is 
color-blind,  he  will  find  that  in  a  certain  position  of  the  arc  the  two  colors  will  appear 
alike,  or  at  least  as  much  alike  as  if  they  were  shades  of  the  same  color.  These  colors 
will  usually  be  green  and  rose  for  a  green-blind  person,  while  the  red-blind  person  gen- 
erally selects  a  more  bluish-green  and  a  rose  with  much  more  red  in  it.  This  suffices 
to  prove  that  the  case  is  color-blind." 

Pseud o-isochromatic  Tests. — According  to  Mauthner,  certain  colors 
which  the  normal  eye  differentiates  appear  to  the  color-blind  person  "  falsely 
of  the  same  color" — i.  e.  pseudo-isochromatic.  At  one  time  the  color-blind 
subject  will  describe  as  alike  a  row  of  colors  which  are  not  so  ;  at  another 
time,  when  the  test  relates  to  the  recognition  of  letters  or  signs  on  a  colored 
ground,  he  will  not  see  them,  especially  when  the  color  of  the  ground  and  the 
letters  (figures,  signs,  etc.)  are  pseudo-isochromatic.  and  equally  clear. 

Daae  has  placed  upon  a  card  on  which  are  fastened  ten  horizontal  rows  of 
variously  colored  wools  one  row  which  contains  only  red  wools,  one  which  con- 

^  Archives  of  Ophthatmoloijy,  xxiv.,  1895,  p.  349. 
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tains  only  green,  and  one  which  contains  only  purple.  In  the  other  seven  rows 
the  various  colors  are  placed  next  to  each  other.  The  color-blind  person 
designates  rows  as  of  the  same  color  when  this  is  not  the  case  and  tlie  reverse. 
A  test  of  this  character,  according  to  Mauthner,  is  a  positive  ptfeado-isochro- 
matic  test,  because  it  depends  upon  tlie  positive  expressions  of  the  patient  in 
regard  to  color  similarity. 

Of  the  negative  pseudo-isochromatic  tests — negative  because,  according  to 
Mauthner,  they  depend  upon  the  fact  that  the  color-blind  person  does  not 
read  figures  or  letters  which  are  drawn  upon  a  pseudo-isochromatic  ground — 
the  plates  of  Stilling  may  be  mentioned  (see  page  604).  Pseudo-isochromatic 
powders  have  also  been  prepared  by  ]\Iauthner  for  the  same  pnri)ose. 

Simultaneous  contrast  tests  based  upon  expei-im(>uts  witii  colored 
shadows  are  not  satisfactory  in  practical  work.  Meyer's  discovery  that  if  a 
gray  ring  or  border  is  placed  upon  a  colored — for  example,  red— piece  of 
paper,  and  then  covered  with  tissue-jiaper,  it  will  ap])ear  to  the  normal  eye 
in  the  complementary  color — that  is,  green — has  been  utilized  for  practical 
work,  particularly  in  the  letters  devised  by  Pfliiger.  These  consist  of  black 
t)r  gray  letters  upon  a  colored  ground.  Tlu;  letters  are  then  cf)vered  by 
tissue-paper  and  appear  in  the  com])lementary  color. 

Lantern-tests  are  sometimes  employed,  and  are  of  great  value  in  the 
examination  of  railroad  em]iloyes  (see  page  604). 

Accommodation  is  measured  in  practical  work  by  finding  the  nearest 
point  at  whicli  tine  print  can  be  clearly  deciphered.  The  types  most  fre- 
quently adopted  are  those  known  as  Snellen's  0.5  or  Jaeger's  1.  Frequently, 
however,  the  types  in  common  use  are  very  badly  printed  and  constructed. 
The  letters  should  be  so  arranged  that  they  subtend  the  standard  angle  of 
five  minutes  at  a  given  distance ;  for  example,  25  cm.,  50  cm.,  etc.  Ordina- 
rily, these  letters  are  arranged  upon  suitable  cards.  Excellent  series  have 
been  published  by  Schweigger,  by  James  Wallace,  and  by  Charles  A.  Oliver. 

In  order  to  study  the  phenomena  of  accommodation  the  student  should 
record — (1)  The  nearest  point  of  perfectly  distinct  vision  attainable  with  the 
smallest  readable  type,  or  the  punctiim  proximum  (abbreviated  p.  jJ,  or  simply 
jr>).  (2)  The  far  point  of  distinct  vision,  or  the  pu7ictuin  remotum  (abbreviated 
p.  r,  or  simply  r).  (3)  The  range,  aniplifude  of  accommodation,  or  the  ex- 
pression of  the  amount  of  accommodative  effort  of  which  the  eye  is  capable. 
This  is  expressed  in  the  number  of  that  convex  lens  placed  close  to  the  cornea 
whose  focal  length  equals  the  distance  from  the  near  point  to  the  cornea,  and 
which  gives  rays  a  direction  as  if  they  had  come  from  the  far  point ;  thus,  if 
the  near  point  be  at  10  cm.,  the  lens  which  expresses  the  amplitude  of  accom- 
modation is  -f  10  D.         -  10.    A  convenient  measure  is  a  stick  marked 

on  one  side  in  inches  and  fractions  of  an  inch,  on  th(;  other  side  in  milli- 
meters and  centimeters  ;  on  the  edge  the  amplitude  of  accommodation  is 
expressed  in  diopters.  (4)  The  region  or  the  space  in  which  the  range  of 
accommodation  is  available.  (5)  Be/ative  accommodation,  or  that  independent 
portion  of  this  function  which  can  be  exercised  without  alterati(>n  in  a  given 
amount  of  couvergence,  and  is  divided  into  a  negative  portion,  or  that  portion 
which  is  already  in  use,  and  a  positive  portion,  or  that  ]>ortion  which  is  not 
in  use.  If  the  patient  is  imable  to  read  the  fine  test  print  at  any  distance, 
a  convex  lens  should  be  placed  before  the  eye  and  the  near  point  and  far  point 
recorded  with  its  aid  (see  also  page  134). 

Mobility  of  the  Kyes. — This  is  tested  by  causing  the  patient  to  follow 
with  his  eyes,  the  head  remaining  stationary,  the  movements  of  the  uplifted 
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finger,  which  is  directed  to  the  right,  to  the  left,  upward,  and  downward. 
Botli  eyes  must  be  observed,  and  note  made  of  any  higging  in  their  move- 
ments or  of  the  faihire  of  either  eye  to  turn  into  the  nasal  or  temporal  canthus. 
At  tlie  same  time,  the  relation  of  the  movements  of  the  upper  lid  to  those  of 
the  eyeball  is  recorded.  The  attention  of  the  patient  must  be  centered  upon 
tlie  moving  finger,  and  allowance  should  be  made  for  the  imperfect  mobility 
of  highly  myopic  eyes.  Any  asymmetry  of  the  skull,  or  difference  in  the 
level  of  the  two  orbital  margins,  may  be  observed,  because  such  conditions 
are  not  infrequently  associated  -with  ametropic  eyes,  especially  when  the  two 
eyes  possess  great  inequality  in  refractive  conditions. 

Investigation  of  the  Balance  of  the  External  Eye-muscles.— 
Under  normal  conditions  perfect  equilibrium  of  the  external  eye-muscles  is 
present,  but  preponderance,  for  example,  of  the  power  of  the  external  recti,  or 
vim  vert^a,  produces  a  tendency  to  divergence  or  convergence,  which,  however, 
is  overcome,  with  the  jjreservation  of  binocular  single  vision,  in  spite  of  the 
•disturbed  equipoise.  This  condition  was  named  by  Von  Graefe  dynamic  stra- 
bismus. It  is  frequently  designated  insufficiency  of  the  ocular  muscles.  Dis- 
turbance of  the  normal  balance  {imbalance,  as  it  is  now  called)  creates  a  tend- 
•ency  for  the  visual  lines  to  depart  from  parallelism,  or  the  various  phorias  of 
G.  T.  Stevens's  classification.  In  order  to  ascertain  the  condition  of  the 
ocular  muscles,  in  so  far  as  their  balance  is  concerned,  we  may  employ  the 
following  tests  : 

(1)  Approach  the  finger  to  within  a  few  inches  of  the  eyes,  which  are 
steadily  fixed  upon  its  tip,  and  note  if  a  convergence  to  a  distance  of  8  cm. 
(S^  in.)  is  attainable.  If  one  eye  deviates  outward  before  this  point  is  reached, 
weakness  of  the  interni  is  present,  the  eye  possessing  the  weaker  internus  usu- 
ally being  the  one  which  exhibits  the  deviation.  This  test  is  a  rough  one,  and 
valuable  chieflv  for  ascertaining;  which  of  the  interni  is  the  weaker. 

(2)  Require  the  patient  to  fix  upon  a  fine  object,  as  a  pin-point,  held 
below  the  horizontal,  20  or  25  cm.  from  the  eye,  and,  in  order  to  remove  the 
control  of  binocular  vision,  cover  one  eye  with  a  card  or  the  hand,  and  ob- 
serve whether  the  eye  under  cover  deviates  inward  or  outward,  and  returns 
to  fixation  when  the  cover  is  removed.  If  the  patient  fixes  the  object  accu- 
rately, and  the  manipulations  of  covering  and  uncovering  first  one  eye,  and 
then  the  other,  are  rapidly  performed,  trustworthy  results  will  be  obtained. 
In  general  terms,  each  millimeter  of  movement  of  the  deviating  eye  corresponds 
to  2°  of  insufficiency  as  measured  by  prisms.  In  the  case  of  the  interni,  if 
the  covered  eye  moves  in  to  fix,  with  several  distinct  impulses,  each  impulse 
should  be  multiplied  into  the  foregoing  result  (Randall). 

(3)  Produce  vertical  diplopia  with  a  prism,  and  test  the  functions  of  the 
lateral  muscles  at  a  distance  of  6  m. 

A  small  flame  is  placed  against  a  dark  background  at  6  m.  from  the 
patient  and  on  a  level  with  his  eyes.  In  an  accurately  adjusted  trial  frame  a 
prism  of  7°  is  inserted,  base  down,  before  one  eye — for  example,  the  right. 
Vertical  diplopia  is  induced,  and  the  upper  image  belongs  to  the  right  eye. 
If  the  flames  stand  one  directly  over  the  other,  there  is  no  inclination  to 
divergence  or  convergence.  If  the  upper  image  stands  to  the  left,  there  is 
weakness  of  the  interni ;  if  to  the  right,  of  the  externi.  That  prism  placed 
with  its  base  in  or  out  before  the  left  eye,  according  to  circumstances,  which 
brings  the  two  images  into  a  vertical  line,  measures  the  degree  of  the  deviation. 

Thus  the  presence  or  absence  of  lateral  insufficiency  is  determined. 

(4)  Produce  lateral  diplopia,  and  test  the  functions  of  the  vertical  muscles 
at  a  distance  of  6  m. 
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The  patient  is  seated  as  before,  and  a  prism  of  sufficient  strengtli  to  induce 
honionynious  diplopia  is  placed  before  one  eye — for  example,  the  ri^ht — /.  e. 
with  its  base  toward  the  nose.  If  the  images  are  on  the  same  level,  no  de- 
viating tendency  is  present.  If  the  right  image  rises  higher  than  the  other, 
the  visual  line  of  the  right  eye  tends  to  be  lower  than  that  of  its  fellow,  and 
there  is  inmfficieucij  of  tlie  vertical  muscles.  That  prism,  ])laced  with  its  base 
down  l)efore  the  left  eye,  which  restores  the  images  to  the  horizontal  level 
measures  the  degree  of  deviation. 

(5)  Produce  vertical  diplopia,  and  test  the  functions  of  the  lateral  muscles, 
at  the  ordinary  working  distance,  or  30  cm.  For  this  jjurpose  it  is  customary 
to  employ  the  equilibrium  test  of  Von  Graefe,  in  which  a  card,  having  upon 
it  a  large  dot  through  which  a  fine  line  is  drawn,  is  held  25  or  30  cm.  from 
the  eyes,  diplopia  being  induced  by  means  of  a  prism  of  10°  or  15°,  base  up 
or  down,  before  one  eye.  A  more  accurate  test-object  is  a  small  dot  and  fine 
line,  or  a  single  word  printed  in  fine  type,  requiring  accurate  fixation  and  a 
sustained  effort  of  accommodation.  If,  the  prism  being  placed  base  down 
before  the  right  eye,  the  images  stand  exactly  one  above  the  other,  equilibrium 
is  evident ;  if  the  upper  image  (image  of  the  right  eye)  stands  to  the  left  of 
the  lower  image,  there  is  crossed  lateral  deviation  ;  and  that  prism,  placed 
before  the  left  eye  with  its  base  toward  the  nose,  which  restores  the  image  to 
a  vertical  line  measures  the  tendency  to  divergence,  exophoria,  or  insufficiency 
of  the  internal  recti.  If  the  upper  image  stands  to  the  right  of  the  lower, 
there  is  homonymous  lateral  deviation  ;  and  the  prism  ])laced  before  the  left 
eye,  with  its  base  toward  the  temple,  which  restores  the  images  to  a  vertical 
line,  measures  the  tendency  to  convergence,  esophoria,  or  insufficiency  of  the 
external  recti. 

(6)  Ascertain  the  power  of  adduction  (prism-convergence),  abduction 
(prism-divergence),  and  sursumduction  (sursumvergence)  by  finding  the 
strongest  prism  which  the  lateral  and  vertical  muscles  can  overcome.^ 

Beginning  with  adduction,  find  the  strongest  prism  placed  before  one  eye, 
with  its  base  toward  the  temple,  through  which  the  flame  still  remains  single. 
The  test  should  begin  with  a  weak  prism,  the  strength  of  which  is  gradually 
increased  until  the  limit  is  ascertained.  This  varies  from  30°  to  50°.  In 
this  test,  if  diplopia  occurs  when,  for  example,  the  strength  of  the  prism 
reaches  20°,  single  vision  may  not  return  until  the  prism  has  been  reduced, 
for  instance,  to  10°.  The  space  between  the  greatest  and  least  power  of 
adduction  has  been  described  as  the  "  region  of  diplopia"  (Reeves,  Lippincott, 
Gould). 

In  like  manner  abduction  is  tested,  the  prism  now  being  turned  with  its 
base  toward  the  nose  ;  6°  to  8°  of  prism  should  be  overcome.  The  ratio  be- 
tween adduction  and  abduction  should  be  6  to  1  (Stevens) — i.  e.  if  adduction 
is  48°,  abduction  should  be  8°,  but,  according  to  Risley,  in  carefully  corrected 
or  emmetropic  eyes  the  ratio  is  3  to  1. 

Sursumductio)),  or  the  power  of  uniting  the  image  of  the  candle  flame 
seen  through  a  prism  placed  with  its  base  dowuM^ard  before  one  eye  with  the 
image  of  the  same  object  as  seen  by  the  other  eye,  is  ascertained  by  beginning 
the  trial  with  a  weak  prism,  ^°  or  1°,  and  gradually  increasing  its  strength. 
The  limit  is  usually  3°,  but  may  be  as  high  as  8°  or  10°. 

If  the  eyes  of  the  patient  under  examination  are  ametropic,  the  proper 

^  The  words  "power  of  adduction,"  etc.  are  here  used  with  the  significance  ordinarily 
attached  to  tliem.  For  another  consideration  of  this  matter  the  student  should  read  the  para- 
graphs relating  to  the  same  subject  in  Dr.  Duane's  discussion  of  "  The  Anomalies  of  the  Ocular 
Muscles,"  p.  503. 
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■correcting  lenses  should  be  placed  before  them,  and  the  examination  for  the 
various  forms  of  insufficiency  made  through  this  glass.  It  is,  moreover,  ex- 
ceedingly important  that  the  correcting  glass  should  be  accurately  centered  ; 
otherwise,  in  a  lens  of  considerable  thickness,  a  prismatic  effect  would  be 
j)roduced  which  Mould  utterly  preclude  accurate  determination  of  the  mus- 
<-ular  conditions,  especially  of  the  vertical  muscles,  where  the  search  for 
fractions  of  a  degree  of  deviation  is  sometimes  necessary.  If  tlie  muscular 
examinations  have  been  undertaken  as  part  of  a  routine  preliminary  investi- 
gation of  an  eye,  they  should  be  rej)eated  after  the  refraction  has  been  accu- 
rately determined,  and,  if  anomalous,  corrected. 

Practically,  all  of  the  examinations  for  nuiscular  errors  can  be  made  with 
a  series  of  ])risms  and  a  trial  frame,  but  they  are  facilitated  by  the  use  of 
certain  instruments  of  precision,  especially  some  form  of  Herschel  or  re- 

volving  pi'lsiii,  the  one  devised  by  Kisley  being 
the  best  (Fig.  101).  The  latter  consists  of  two 
prisms,  superimposed  with  tiieir  bases  in  opposite 
directions,  constituting  a  total  value  of  45°. 
They  are  mounted  in  a  cell  which  has  a  deli- 
cately milled  edge,  and  fits  in  the  ordinary  trial 
frame.  The  milled  edge  permits  convenient 
turning  in  the  frame,  so  that  the  base  or  a])ex  of 
the  prisms  can  be  readily  placed  in  any  desired 
direction.  The  prisms  are  caused  to  rotate  in 
opposite  directions  by  means  of  a  milled  screw- 
head  projecting  from  the  front  of  the  cell.  With 
this  rotary  prism  the  strength  of  the  abducting, 
adducting,  and  supra-  and  infraducting  muscles  can  be  measured.  If  the 
rotary  prism  is  placed  before  the  left  eye  with  the  zero  mark  vertical,  and 
the  screw  turned  to  the  right  or  left,  it  will  cause  the  base  of  the  resulting 


Fig.  101.— Risley's  rotary  prism. 


Fig.  102.— Stevens's  phorometer. 


prism  to  be  either  inward  or  outward,  that  is,  toward  the  nose  or  tem])le, 
as  may  be  desired  ;  or  it  may  be  placed  with  the  zero  mark  horizontal  and  tlie 
base  turned  upward  or  downward.    All  examinations  for  muscular  defects 
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may  be  accurately  ascertained  with  Dr.  G.  T.  Stevens's  well-known  phorom- 
eter,  which  is  illustrated  in  Fig.  102. 

One  of  the  simplest  tests  of  the  ocular  muscles  is  the  obtiwe-angled  prmn 
of  Maddox.    This  is  composed  of  "two  weak  prisms  of  3°,  united  by  their 

bases.  On  looking  through  the  line  thus  formed  at  a 
distant  plane,  two  false  images  of  it  are  seen,  one 
higher  and  one  lower  than  the  real  image  seen  by  the 
other  eye,  the  position  of  which,  to  the  right  or  the 
left  of  the  line  between  the  false  images,  indicates  the 
equilibrium  of  the  eye.  A  faint  band  of  light,  of  the 
same  breadth  as  the  two  false  images,  is  seen  extended 
between  them"  (Fig.  103).  The  answers  of  the  patient 
may  be  materially  assisted  by  placing  a  red  glass  before 
one  eye  and  thus  tinting  the  real  image.  If  this  stands 
directly  in  the  center  between  the  two  false  images,  all 
forms  of  insufficiency  are  eliminated ;  if  it  stands  to 
the  right  or  to  the  left,  there  is  insufficiency  of  the 

I  3 


Fio.  103.— Position  of  the  Fig.  104.— Tests  for  insufficiency  of  oblique  muscles  (Savage) :  1,  insuffi- 

imapres  us  seen  through  the  ciency  of  left  superior  oblique  ;  2,  insufficiency  of  left  inferior  oblique  ;  3, 
obtuse -angled  prism  of  insufficiency  of  right  superior  oblique;  4,  insufficiency  of  right  inferior 
Maddox  fHandall).  oblique  ;  5,  equilibrium  uf  oblique  muscles. 

external  or  of  the  internal  recti  ;  if  it  stands  above  or  below  the  center,  or  is 
fused  with  the  upjjer  or  the  lower  image,  there  is  insufficiency  of  the  superior 
or  inferior  recti. 

Insufficiency  of  the  ob/ique  muscles  (cyclophoria),  according  to  Savage,  may 
be  detected  "by  ])lacing  a  Maddox-prism,  with  its  axis  vertical,  ))ef()re  one 
€ye  (the  other  being  covered),  which  regards  a  horizontal  line  on  a  card  18  in. 
distant.  This  line  appears  to  be  two,  each  parallel  with  the  other.  The  other 
eye  is  now  uncovered,  and  a  third  line  is  seen  between  the  other  two,  with 
which  it  should  be  parallel.  Want  of  harmony  in  the  oblique  muscles  is 
shown  by  want  of  ])arallolism  of  the  middle  with  the  other  two  lines,  the 
right  end  of  the  middle  line  pointing  toward  the  bottom  and  the  left  end 
toward  the  top  line,  or  vice  versd,  depending  upon  the  nature  of  the  indi- 
vidual case"!  (Fig.  104). 

^  Much  doubt  has  been  cast  upon  the  accuracy  of  this  test  by  F.  B.  P^aton,  who  considers 
the  phenomenon  a  physiologic  one.  Consult  Journal  of  the  American  Medical  yissociation,  Sept., 
1894. 
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The  rod-test,  also  designed  bv  IMaddox,  depends  upon  the  property  of 
transparent  cyhnders  to  cause  apparent  elongation  ot  an  object  viewed 
throiigl)  them,  so  that  a  point  of  light  becomes  a  line  ol  light  so  dissimilar 

from  the  test-light  that  the  images  are  not 
united.  It  mav  be  suitably  employed  by  having 
mounted  in  a  cell  which  will  tit  in  the  trial  frame 
a  transi)areiit  glass  rod  colored  red,  f  in.  long,  and 
about  the  thickness  of  the  ordinary  stirring-rod 
used  by  chemists,  or  a  series  of  glass  rods  placed 
one  above  the  other  (Fig.  105). 

The  examination  for  horizontal  deviation  is^ 
thus  described  :  "  Seat  the  patient  at  6  m.  from  a 
small  flame,  placed  against  a  dark  background, 
and  put  the  rod  horizontally  before  one  eye. 
If  the  line  passes  through  the  flame,  there  i& 
orthophoria  (equipoise)  as  far  as  the  horizontal 
movements  of  the  eyes  are  concerned.  Should  the  line  lie  to  ciither  side  of 
the  flame,  as  in  most  people  it  will,  there  is  either  latent  convergence  or  latent 
divergence  ;  the  former,  if  the  line  is  on  the  same  side  as  the  rod  (homonymous 
diplopia) ;  the  latter,  if  to  the  other  side  (crossed  diplopia)  "  (Fig.  106). 


Fig.  105— Maddox-multiple-rod. 


Fig.  106.— Maddox's  rod-test  for  horizontal  deviation  ;  tlic  rod  is  before  the  ripht  eye :  A,  the  line 
passes  through  the  flame— orthophoria  ;  B,  the  line  passes  to  the  right  of  the  flame— latent  convergence, 
or  esophoria  ;  C,  the  line  passes  to  the  left  of  the  flame— latent  divergence,  or  exophoria. 

In  order  to  test  the  vertical  deviation,  the  rod  is  placed  vertically  before 
the  eye  :  a  horizontal  line  of  light  appears,  and  the  patient  is  asked  if  tlie 
line  passes  directly  through  the  flame  or  if  it  appears  above  or  below  it.  The 
following  rule,  quoted  from  Maddox,  will  suffice  to  indicate  the  "  hyper- 
phoric"  eye  :  "  If  the  flame  is  lowest,  there  is  a  tendency  to  upward  deviation 
of  the  naked  eye  ;  if  the  line  is  lowest,  of  the  eye  before  which  the  rod  is 
placed"  1  (Fig.  107). 

'  Dr.  Swan  M.  Burnett  substitutes  for  the  Maddox-rod  a  6  D.  cylinder. 


POWER  OF  CONVERGENCE. 


161 


The  nieasiireinont  of  tlio  extent  of  the  deviation  may  be  made  in  tlie  ordi- 
nary Nvay  by  finding  that  prism,  placed  before  the  naked  eye  (preferably  with 
the  rotary  prism  of  Risley),  which  brings  the  line  and  flame  together. 

In  order  to  avoid  the  awkwardness  of  the  phraseology  "  insufficiency  of 
the  internal  recti/'  etc.,  and  at  the  same  time  more  accurately  to  describe  the 
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Fig.  107.— Maddux's  rod-test  for  vertical  deviation  ;  the  rod  is  before  the  right  eye  :  A,  the  line  passes 
through  the  flame— orthophoria ;  B,  the  line  passes  below  the  flame ;  the  upper  image  belongs  to  the  left 
eye— right  hyperphoria;  C,  the  line  passes  above  the  flame;  the  upper  image  belongs  to  the  right  eye 
—left  hyperphoria. 


muscular  anomalies,  the  following  terminology  has  been  introduced  by  Dr. 
George  T.  Stevens,  and  has  received  a  deservedly  wide  acceptation  : 

The  condition  in  which  all  adjustments  are  made  by  muscles  in  a  state  of  physio- 
logical equilibrium  is  called  orthophoria. 

Disturbances  of  equilibrium  are  known  as  heferophoria,  or  insufficiencies  of  the 
ocular  muscles. 

The  deviating  tendencies  of  heterophoria  may  exist  in  as  many  directions  as  there 
are  forces  to  induce  irreguhir  tensions. 

The  following  system  of  terms  is  applied  to  the  various  tendencies  of  the  visual 
lines: 

I.  Generic  Terms. —  Orthophoria :  A  tending  of  the  visual  lines  in  parallelism. 
Heterophoria :  A  tending  of  these  lines  in  some  other  way. 
II.  Specific  Terms. — Heterophoria  may  be  divided  into — 

1.  Esophoria  :  A  tending  of  the  visual  lines  inward; 

2.  Exophoria  :  A  tending  of  the  lines  outward  ; 

3.  Hiiperphoria  ( right  or  left)  :  A  tending  of  the  right  or  left  visual  line  in  a 
direction  above  its  fellow. 

This  term  does  not  imply  that  the  line  to  which  it  is  referred  is  too  high,  but  that  it 
is  higher  than  the  other,  without  indicating  which  may  be  at  fault. 

III.  Compound  Terms. — Tendencies  in  oblique  directions  may  be  expressed  as 
hrjperesophoria,  a  tending  upward  and  inward  ;  or  hyperexophoria,  a  tending  upward  and 
outward.    The  designation  "  right"  or  "  left"  must  be  applied  to  these  terms. 

Power  of  Convergence. — In  order  to  determine  the  maximum  of 
convergence  an  instrument  know^n  as  an  ophthalmo-dynamometer  may  be  em- 
ployed. The  one  devised  by  Landolt  consists  of  a  metallic  cylinder,  blackened 
on  the  outside,  placed  over  a  candle  flame.  The  cylinder  contains  a  vertical 
slit  0.3  mm.  wide,  covered  by  ground  glass.  The  luminous  vertical  line  thus 
produced  is  the  object  of  fixation.  Beneath  the  cylinder  is  attached  a  tape 
measure  graduated  on  one  side  in  centimeters,  and  on  the  other  in  the  cor- 
responding number  of  meter-angles.  The  fixation  object  is  gradually  ap- 
proached in  the  median  line  toward  the  patient,  until  that  point  where  double 
It 
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vision  occurs  is  reached,  or  the  nearest  ^omi  {punctum  proximum)  of  con- 
vergence, and  the  distance  in  centimeters  read  from  one  side  of  tlie  tape,  and 
tlie  correspond! no-  maximum  of  convergence  in  meter-angles  on  tlie  otlier. 

The  miniuuun  of  convergence  may  also  be  ascertained  with  the  instrument, 
but  when  this  is  negative  it  is  determined  by  finding  the  strongest  abducting 
prism  which  will  not  cause  diplopia  while  the  patient  is  fixing  a  candle  flame 
at  6  m.  If  the  number  of  tlie  prism  is  divided  by  7,  the  quotient  will  ap- 
proximately give  in  meter-angles  the  amount  of  deviation  of  each  eye  when 
the  prism  is  placed  before  one.  The  amplitude  of  convergence  is  equivalent 
to  the  difference  between  the  maximum  and  minimum  of  convergence.' 

The  Field  of  Vision. — When  the  visual  axis  of  one  eye  is  directed  to 
a  stationary  point,  not  only  is  the  object  thus  "  fixed  "  visible,  but  all  other 
objects  contained  within  a  given  space,  which  is  large  or  small  in  proportion 
to  the  distance  of  the  fixation  point  from  the  eye.  This  space  is  the  field  of 
vision  (conveniently  abbreviated  V.  F.),  and  the  objects  within  it  imi)rint 
their  images  upon  the  ])eriplieral  portions  of  the  retina,  or  those  wiiich  are 
independent  of  the  macula  lutea.  In  contradistinction  to  visual  acuity  and 
refraction,  which  })ertain  to  the  macula  in  the  act  of  direct  vidon,  the  function 
of  sight  capable  of  being  performed  by  the  rest  of  the  retina  is  called  indirect 
vision. 

The  limits  of  the  visual  field  may  be  roughly  ascertained  in  the  following 
manner :  Place  the  patient  with  his  back  to  tTie  source  of  light,  and  have  him 
fix  the  eye  under  examination,  the  other  being  covered,  upon  the  center  of 
the  face  of  the  observer,  or  upon  the  eye  of  the  observer,  which  is  directly 
opposite  his  own  at  a  distance  of  2  ft.  Then  let  the  surgeon  move  his  fingers 
in  various  directions  midway  between  himself  and  the  patient  on  a  plane  with 
his  own  face,  until  tiie  limits  of  indirect  vision  are  determined,  controlling  at 
the  same  time  the  extent  and  direction  of  the  movements  by  his  own  field  of 
vision.  Instead  of  using  fingers  as  the  test-object,  the  author,  in  common 
with  many  surgeons,  is  accustomed  to  employ  a  black  rod  18  in.  long,  which 
is  cn))])ed  with  an  ivory  ball  12  mm.  in  diameter.  Colored  balls  may  also  be 
enij)loyed  in  the  same  way,  and  a  fair  idea  of  indirect  color  vision  obtained. 

These  methods  suffice  to  discover  any  considerable  limitation  of  the  visual 
field,  but  should  always  be  supplemented  by  a  more  exact  procedure. 

If  it  is  desired  to  have  a  map  of  the  field  not  larger  than  45°  in  extent, 
let  the  patient  be  placed  25  cm.  from  a  blackboard,  which  may  be  con- 
veniently ruled  in  s(piares,  and  fix  the  eye  under  observation  upon  a  small 
white  mark.  The  observer  then  moves  the  test-object,  a  piece  of  white  ]>aper 
1  cm.  square,  affixed  to  a  black  handle,  from  the  peri})hery  toward  fixation, 
until  the  object  is  seen.  If  eight  peripheral  points  are  marked  and  afterward 
joined  by  a  line,  a  fair  map  of  the  field  of  vision  will  be  obtained,^  which 

'  Landolt's  Refraction  and  Accommodation  of  the  Eye. 
The  value  in  degrees  of  the  squares  on  the  hhickboard  may  be  ascertained  by  the  follow- 
ing table,  provided  the  eye  is  placed  exactly  at  25  cm.  from  the  fixation-point : 
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may  be  transcribed  upon  a  chart,  like  the  one  oritrinally  suffffested  by  Jov 
Jeffries  (Fig.  108).  &       j  ^  y 

In  like  manner,  a  campimder  may  be  employed,  the  one  designed  by  I)e 
AVecker  being  a  useful  model.  It  may  be  understood  by  reference  to  Fig. 
109.    The  patient's  eye  regards  the  cross  in  the  center  of  a  black  vertical 


table  while  the  test-object  is  moved  from  the  periphery  toward  the  center, 
and  the  outermost  limit  of  its  recognition  is  marked  on  the  radiating  line 
which  it  follows.  AVhen  each  line  has  thus  been  traversed,  the  points  are 
joined  by  a  continuous  line,  and  a  graphic  representation  of  the  visual  field 
results. 

The  field  of  vision  may  also  be  examined  on  a  flat  surface  at  a  greater 
distance  than  25  to  30  cm.,  after  the  manner  proposed  by  Bjerrum.  The 
examinations  are  made  at  a  distance  of  2  m.  on  a  large  black  screen  2  m.  in 
breadth,  which  can  be  let  down  from  the  ceiling  to  the  floor.  At  this  dis- 
tance the  blind  spot  (see  p.  169),  instead  of  measuring  about  cm.,  as  on  an 
ordinary  perimeter,  measures  20  cm.  in  diameter,  and  everything  else  is  in 
the  same  proj)ortion.  The  test-objects  used  by  Bjerrum  are  small  circular 
disks  of  ivory  fixed  on  the  ends  of  long  dull-black  rods.  They  vary  from 
10  to  1  mm.  in  diameter.  The  examination  is  begun  in  the  ordinary  way  at 
30  cm.  with  the  10-mm.  disk,  and  then  continued  at  2  meters'  distance  with  a 
3-mm.  disk.  In  the  first  case  the  visual  angle  approximately  is  2°,  and  in 
the  second  5'.  The  normal  boundaries  in  the  first  instance  have  been  given  ; 
in  the  second  they  are  35°  outward,  30°  inward,  28°  downward,  and  25° 
upward.  The  method  is  valuable  for  finding  sector-shaped  defects,  irregular 
limitations,  and  especially  scotomata  (see  p.  169).' 

Beyond  45°  measurements  on  a  flat  surface  cease  to  be  accurate,  because 
the  object  is  too  far  away  from  the  eye  ;  rays  perj)endicular  to  the  visual  line 

'  Dr.  Joseph  E.  Willets  {Annals  of  Ophthalmology  and  Otology,  1896,  vol.  v.,  No.  3,  p.  486) 
has  constructed  a  prismatic  perimeter  in  which  a  number  of  prisms  or  cones  are  arranged,  which 
transmit  or  refract  rays  of  light  to  that  part  of  the  retina  corresponding  to  the  degrees  in  the 
present  perimetrical  chart.    (For  full  details  the  reader  is  referred  to  the  article.) 
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coming  from  a  periplicral  object  would  be  parallel  to  the  blackboard,  and 
could  not  arise  from  it  or  anv  object  passed  across  its  surface. 

The  accurate  investigation  of  the  functions  of  the  periphery  of  the  retina 
requires  the  use  of  an  instrument  called  a  perimeter,  for  which  we  are  chietly 
indebted  to  Aiibert  and  Forster.  This  instrument  consists  essentially  ot  an 
arc  (or  a  semicircle)  of  wood  or  metal  marked  in  degrees  which  rotates  around 
a  central  ]Mvot,  which  at  the  same  time  is  the  fixing  point  of  the  patient  s 
eye,  placed  :M)  cm.  distant—/,  e.  at  the  center  of  curvature  of  the  perimeter 
arc.    The  test-object,  1  or  1^  cm.  in  diameter,  affixed  upon  a  carrier,  is 


Fig.  110.— Perimeter.  The  examination  may  be  made  with  the  carrier  wliioh  moves  alonfi  the  semi- 
circle, or  the  test-object  may  ))o  carried  alon^  this  by  means  of  darlc  disks  attaclied  to  a  long  handle, 
each  disk  containing  in  its  center  the  test-object.  The  patient's  chin  is  placed  in  the  curved  chin-rest; 
the  notched  end  of  the  upright  bar  is  brought  in  contact  with  the  face,  directly  beneath  the  eye  to  be 
examined,  which  attentively  fixes  the  center  of  the  semicircle.  Tlie  other  eye  should  be  covered, 
preferably  with  a  neatly-adjiisted  bandage.  The  record-chart  is  inserted  at  the  back  of  the  instrument, 
and  by  means  of  an  ivory  vernier  the  examiner  is  enabled  to  mark  exactly  with  a  pencil  the  point  ou  the 
chart  corresponding  to  the  position  on  the  semicircle  at  which  the  patient  sees  the  test-object.  The 
various  marks  are  then  joined  by  a  continuous  line,  and  a  mai>of  the  field  is  obtained. 

moved  from  without  inward  along  the  arc,  and  the  \)omt  noted  in  each  me- 
ridian at  intervals  of  30",  where  it  is  recognized.  Usually  the  examination 
is  begun  with  the  arc  in  the  horizontal  position,  which  is  then  moved  from 
this  meridian  to  the  next  (e.  g.  up  and  out),  and  so  on  until  the  whole  field 
has  been  investigated.  Generallv  it  is  sufficient  to  examine  eight  meridians 
(Fig.  110). 

The  result  is  transcribed  upon  a  chart,  prepared  by  having  ruled  upon  it 
radial  lines  to  correspond  to  the  various  positions  of  the  arc,  and  concentric 
circles  to  note  the  degrees. 
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The  numbering  of  the  meridians  on  the  numerous  charts  which  have  been 
published  is  far  from  uniform,  as  may  be  seen  by  examining  the  accompany- 
ing diagrams  (Figs.  Ill ,  11 2, 11 3).  Noyes 
and  Knapp/  in  order  to  secure  uniform 
records  of  the  visual  field,  have  advised 
the  designation  of  the  meridians  accord- 
ing to  the  method  employed  by  Helm- 
holtz  in  his  study  of  the  movements  of 
the  eye — viz.  "  to  take  as  the  zero  point 
the  left  end  of  the  horizontal  meridian 
of  each  eye,  and  to  count  from  left  to 
right  as  the  hands  of  a  watch  viewed  by 
a  person  under  examination  move.  0° 
accordingly  marks  the  temporal  end  of 
the  horizontal  meridian  of  tiie  left  and 
the  nasal  end  of  the  same  meridian  of 
the  right  eye;  180°  marks  the  nasal  end  of  the  horizontal  meridian  of  the 
left  and  the  temporal  end  of  the  same  meridian  of  the  right  eye."  ^ 

Since  the  Aubert-Forstcr  instruments  appeared  the  perimeter  has  under- 
gone numerous  modifications  and  the  market  is  supplied  with  a  host  of 
models.    The  most  practical  and  time-saving  instruments  are  the  so-called 


Fig.  111. — Visual-field  chart  according  to 
Forster. 
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Fig.  112.— Chart  for  McHardy's  registering  perimeter. 


Fig.  113.— Chart  for  perimeter  (Fig.  110). 


self-registering  perimeters,  especially  those  designed  by  Stevens,  McHardy, 
and  Priestley  Smith.  A  useful  model  for  bedside  examinations  is  the  hand 
perimeter  of  Schweigger. 

The  size  of  the  visual  field  varies  considerably  within  normal  limits,  being 
influenced  by  the  character  of  the  light,  which  should  illuminate  with  equal 
intensity  all  portions  of  the  perimeter  arc  in  each  position  ;  by  the  size  of  the 
test-object,  which  should  be  not  less  than  1  and  not  greater  than  2  cm.  in 
width  ;  by  the  attention  of  the  patient,  whose  eye  should  accurately  regard 
fixation  during  the  measurement;  and  by  the  patient's  physical  and  mental 
condition.    Undue  prolongation  of  the  examination  produces  retinal  tire  and 

^  Archive?;  of  Ophthalmology,  vol.  xv.  p.  207. 

2  Instead  of  having  the  patient  fix  his  eve  upon  the  central  pivot,  it  may  be  directed  upon  a 
porcelain  button  on  a  bar  placed  15°  from  "the  center  to  the  left  if  the  right  eye  is  to  be  ex- 
amined, and  vice  versa  if  the  left  is  under  observation..  This  plan  onginallv  suggested  by 
Forster,'  makes  the  optic-nerve  entrance,  and  not  the  macula,  the  centre  of  the  visual  field. 
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corresponding  contraction  of  the  visual  field.  The  extent  of  the  field  of 
vision  is  also  somewhat  under  the  influence  of  the  size  of  the  pupil  and  the 
state  of  refraction,  being  larger  in  eyes  with  widely  dilated  pupils  or  with 
hyj)er()pic  refraction,  and  smaller  in  eyes  with  contracted  pupils  or  with 
myopic  refraction.  Enlargement  of  the  visual  field  may  be  noted  during 
acconnnodation  for  the  near  j)oint  and  when  the  patient  wears  concave 
glasses  ^  (jNIauthner), 

The  average  piiysiological  limits  of  the  form-Jield,  or,  what  is  practically 
the  same  thing,  the  field  when  tiiis  has  been  measured  with  a  square  of  white 
H  cm.  in  width,  are — outward,  90°  ;  outward  and  upward,  70°  ;  upward, 
50°  ;  upward  and  inward,  55°  ;  inward,  60°  ;  inward  and  downward,  55°  ; 
downward,  72°  ;  downward  and  outward,  85°. 

These  limits,  which  form  a  good  working  field,  are  somewhat  exceeded 
by  the  mean  limits  resulting  from  the  examination  of  a  number  of  normal 
eyes,  as  recorded  by  Forster,  Landolt,  and  Baas.'  The  last-named  author 
finds  the  average  result  of  ten  observers  as  follows  :  Outward,  99°  ;  upward, 
65°;  inward,  63°  ;  downward,  76°.  Figures  indicating  a  "  minimal  field, 
or  "smallest  physiological  field,"  have  been  recorded,  varying  from  90° 
(Forster)  to  50°  (Treitel)  outward;  55-21°  upward  ;  60-40°  inward  ;  70-40° 
downward.  Certainly,  in  the  judgment  of  the  author,  the  smaller  of  these 
limits  cannot  be  regarded  as  physiological,  and  the  greater  is  about  equal  to 
the  average  working  field  already  given. 

As  we  ordinarily  measure  the  visual  field,  the  measurement  represents  the 
relative  visual  field,  in  contradistinction,  as  Baas  points  out,  to  the  absolute 

visual  field.  The  former  records  the 
limits  for  a  test-object  of  definite  size  ; 
the  latter  the  maximal  expansion 
which  it  is  possible  to  obtain.  The  fig- 
ures then  given  are  the  relative  visual 
field  (test-object  1-2  cm.),  and  trans- 
scribed  upon  a  chart  produce  Fig.  114. 

Examination  of  this  chart  shows 
that  the  field  of  vision  is  not  circular, 
being  greatest  outward  and  below, 
and  most  restricted  inward  and  above. 
This  restriction  depends  partly  upon 
anatomical  reasons — /.  e.  the  edge  of 
the  orbit,  the  lids,  and  the  nose  inter- 
fere with  vision,  and  partly  upon 
physiological  reasons — i.  c.  the  ]ier- 
cipient  layers  of  the  retina  extend 
farther  forward  on  the  nasal  than  on 
the  temporal  side,  or,  as  Landolt 
expresses  it,  the  outer  part  of  the  retina  is  less  used  than  the  inner,  and  its 
functions,  therefore,  are  less  developed.  Hence,  as  each  portion  of  the  field 
corresponds  to  the  opposite  portion  of  the  retina,  the  inner  part  is  smaller  than 
the  outer.  To  avoid  the  influence  of  the  physical  obstacles  afforded  by  the 
cranial  bones,  the  eye  should  be  made  to  fix  an  object  in  each  meridian  30° 

^  Convex  glasses  should  exercise  a  contracting  influence ;  indeed,  Berlin,  quoted  by  Baas 
found  a  ring-shaped  defect  in  the  peripheral  visual  field  if  measured  through  strong  convex 
glasses  placed  some  distance  from  the  eye. 

The  ten  observers  are  Baas,  Butz,  Bonders,  Drott,  Hegg,  Landolt,  Reich,  Schon,  Stober, 
Treitel.    (See  Baas:  Das  Gesichtsfeld,  Stuttgart,  1896,  p.  46.)  ' 
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Fig.  114.— Various  limits  of  the  form-field :  a, 
Baas'.s  average  ,  h,  average  working  field  ;  c,  aver- 
age least  physiological  field. 
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m  the  (lim'tion  opposite  to  that  under  measurement  or  else  suitable  rotation 
of  the  head  should  he  made. 

Binocular  Field  of  Vision.— Tlie  field  of  vision  for  each  eye  having 
been  defined,  it  remains  to  point  out  that  the  field  of  vision  which  pertains  to 
the  two  eyes,  or  that  portion  in  which 
binocular  vision  is  ])ossible,  consti- 
tutes only  the  area  where  the  central 
and  inner  parts  overlap.  This  is 
evident  from  the  diat^ram.  The 
continuous  line  L  bounds  the  field 
of  vision  of  tiie  left  eye,  and  the 
dotted  1  ine  li  the  visual  field  of  the 
right  eye.  The  central  white  area 
corresponds  to  the  portion  common 
to  both  eyes,  or  to  that  area  in  which 
all  objects  are  seen  at  the  same  time 
with  both  eyes ;  the  shaded  areas 
correspond  to  the  portions  in  which  binocular  vision  is  wanting.  In  the 
middle  of  the  white  area  lies  the  fixation  point,/,  and  on  each  side  of  it  the 
blind  spots  of  the  right  and  left  eye,  r  and  I  (Fig.  115). 

Having  thus  determined  the  limits  and  continuity  of  the  visual  field, 
the  functions  of  the  peripheral  parts  of  the  retina  in  regard  to  perception 
of  colors,  acuity  of  vision,  and  appreciation  of  light  should  be  investi- 
gated. 

Color-field. — The  color-field  is  examined  in  the  manner  described  in 
connection  with  the  general  visual  field,  the  squares  of  white  in  the  instru- 
ment being  replaced  by  pieces 
of  colored  paper  1  to  2  cm.  in 
diameter.  The  order  in  which 
the  colors  are  recognized  from 
without  inward  is — (1)  blue, 
(2)  yellow,  (3)  orange,  (4)  red, 
(5)  green,  (6)  violet.  In  prac- 
tical work  blue,  red,  and  green 
are  the  colors  employed.  Non- 
saturated  colors  are  not  correctly 
recognized  when  the  test-object 
is  first  seen.  Thus,  yellow  at  first 
ap])ears  white ;  orange,  yellow  ; 
red,  brown  ;  green,  white,  gray, 
or  gray-blue ;  and  violet,  blue. 
The  investigation  of  this  zone 

of  imperfect  color-perception  is  fig.  lir>.-Diaf^ram  of  the  field  of  vision  for  blue,  red.and 
important  in  various  patholog;-  greeii  :  tluM)utcr(Hmtimi(ms  line  indicates  the  limit  of  the 
.     \  1 . , .  •  1 1     •     i  1         forni-tield  ;  the  brolcen  hues,  the  limits  of  the  color-fields. 

ical  conditions,  especially  in  the 

study  of  the  visual  fields  of  hysteria  and  of  disseminated  sclerosis. 

The  physiological  extent  of  the  color-fields,  like  that  of  the  general  field, 
is  subject  to  variations  within  normal  limits,  which  are  represented  by  the 
figures  in  the  following  columns.  In  each  left-hand  column  are  the  figures 
denoting  the  extent  of  an  average  color-field  mapped  Avith  1  cm.  square  test- 
object,  while  in  eacii  right-hand  column  are  the  averages  of  the  results  of  ten 
observers  recorded  by  Baas,  the  size  of  the  test-object  being  20  mm.  in 
diameter  : 


Fig.  115.— Binocular  field  of  vision  (Moser). 
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Blue.                      Red.  Green. 

Outward    80-84  65-75  50-65 

Outward  and  upward   60  45  40 

Lpward   40-45  33-39  27-34 

Fpward  and  inward   45  30  25 

Inward   45-50  30-39  25-33 

Inward  and  downward   50  35  27 

Downward   58-62  45-50  30-43 

Downward  and  outward   75  55  4o 


These,  when  transcribed  upon  a  chart,  are  represented  in  Fig.  116. 

As  may  liave  been  inferred,  the  extent  of  the  color-field  is  greatly  governed 
bv  the  size  of  the  test-object.  According  to  Gowers,'  who  has  recently 
reopened  this  subject,  with  a  sufficiently  large  area  of  color  it  will  be  found  that 
all  the  coloi'-fields  differ  in  extent  very  little  from  the  fields  for  white.  Green 
alone  seems  to  fall  short  of  the  edge  of  the  white  field  by  about  5°.  The 
extent  of  the  color-field  is  further  governed  by  the  character  of  the  light,  the 
nature  and  saturation  of  the  color,  the  contrast  in  luminous  intensity  between 
the  colored  test-object  and  the  background.  To  quote  from  Ward  Holden  : 
Other  conditions  being  the  same,  the  field  becomes  larger  as  the  saturation, 
the  intensity,  or  the  size  of  the  color  is  increased ;  and  the  field  is  larger  the 
less  the  contrast  in  luminous  intensity  between  test-object  and  background. 

The  Acuity  of  Vision  of  the  Peripheral  Parts  of  the  Retina. — 
Tliis  diminishes  from  the  macula  to  the  periphery.  It  may  be  tested  with 
small  squares  of  black  paper,  separated  from  each  other  by  their  own  width, 
by  noting  the  point  in  each  meridian  where  they  are  recognized  as  separate 
objects.  The  tests  of  Landolt  and  Ito  are  6,  5,  3,  and  2  mm.  black  quadrants 
on  a  white  ground.  Groenouw  employs  as  a  test-object  to  be  passed  along 
the  perimeter  arc  black  points  on  a  white  ground  of  ^,  ^,  1,  2,  and  4  mm.  in 
diameter.  The  result  obtained  is  called  "  visual  acuteness  for  a  point."  ^  The 
results  have  the  form  of  a  horizontal  oval  nearly  parallel  to  the  limits  of  the 
visual  field. 

The  I<ight-sense  of  the  Periphery  of  the  Retina. — This  may  be 
tested  conveniently  with  Ward  Holdeu's  tests,  which  are  thus  described  by  the 
author  :  One  card  has  a  1-mm.  black  point  on  one  side,  and  a  15-mm.  quadrant 
of  light  gray,  having  |  of  the  intensity  of  white,  on  the  other.  With  a  peri- 
meter of  30  cm.  radius  the  black  point  and  gray  patch  are  ejich  seen  by  a  normal 
eye  outward,  45°  ;  upward,  30°  ;  inward,  35°  ;  downward,  35°.  The  second 
card  has  a  3-mm.  black  point  on  one  side,  and  a  darker  gray  patch,  having 
f  the  intensity  of  white,  on  the  other.  Each  is  seen  on  the  perimeter  arc, 
outward,  70° ;  upward,  45°  ;  inward,  55°  ;  downward,  55°.  Card  2  will 
reveal  slight  disturbances  of  light-sense  near  the  periphery,  and  card  1  in 
the  intermediate  and  central  zones.  Groenouw's  and  Holden's  tests  are 
declared  by  their  authors  to  be  more  delicate  than  color-tests,  or  at  least 
equally  so,  while  they  possess  the  advantage  of  being  more  intelligible  to 
the  patient. 

According  to  the  experiments  of  Landolt,  the  perception  of  light  is  the 
most  constant  function  of  the  healthy  retina,  and  remains  nearly  the  same 
throughout  its  surface,  while  the  color-  and  form-sense  rapidly  lessen  toward 
the  periphery.  Progressive  diminution  of  light-sense,  however,  from  center 
to  periphery  will  be  found  if  test-objects  of  varying  luminous  intensity  with 

\  Trans.  Ophth.  Soc.  U.  K.,  vol.  xv.  p.  12.  (For  further  particulars  the  reader  is  referred 
to  this  most  interesting  paper. ) 

As  Baas  remarks,  the  employment  of  a  single  point  as  a  test-object  aflbrds  information 
not  80  much  of  the  form-sense  as  of  the  light-sense. 
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the  illuiiiination  of  ordinary  daylight  are  employed.  For  practical  purposes 
ill  cases  of  very  defective  vision  an  idea  of  the  retina's  sensibility  to  light 
may  be  obtained  by  passing  a  candle  flame  along  the  arm  of  the  perimeter  as 
a  test-object,  while  a  second  candle  flame  is  made  the  point  of  fixation.^ 

The  most  frequent  departures  from  those  limits  of  the  visual  field  assumed 
to  be  normal  are  general  or  concentric  contraction  ;  contraction  limited 
especially  to  one  or  the  other  side ;  peripheral  defects  in  the  form  of  re- 
entering angles  ;  absence  of  one  segment  or  quadrant ;  and  absence  of  the 
entire  right  or  left  half  of  the  field  (see  page  472). 

Scotomas. — In  addition  to  these  defects,  search  should  be  made  for  dark 
areas  within  the  limits  of  the  visual  field,  or  scotomas.  These  are  distinguished 
as  positive  when  they  are  perceived  by  the  patient  in  his  visual  field,  and  nega- 
tive when  within  the  confines  of  a  portion  of  the  visual  field  the  image  of  an 
external  object  is  not  perceived,  but  the  affected  area  is  not  discovered  until 
the  field  is  examined.  Negative  scotomas  are  further  divided  into  absolute 
and  relative.  Within  an  absolute  scotoma  all  perception  of  light  is  wanting, 
while  within  the  confines  of  a  relative  scotoma  the  perception  of  light  is 
merely  diminished.  The  latter  are  color  scotomas,  usually  for  red  and  green. 
Scotomas  are  further  subdivided,  according  to  their  situation  and  form,  into 
central,  paracentral,  ring,  and  peripheral. 

In  every  normal  eye  there  is  a  physiological  scotoma  which  may  be  re- 
garded as  the  type  of  an  absolute  scotoma  corresponding  to  the  position  of 
the  optic-nerve  entrance,  which  usually  may  be  found  15°  to  the  outer  side 
of  aud  3°  below  the  point  of  fixation,  the  distance  from  fixation  being 
greater  in  hyperopic  than  in  myopic  eyes.  This  is  known  as  Mariotte\s 
blind  spot.  Usually  the  form  of  the  blind  spot  is  not  round,  but  a  vertical 
oval,  its  upper  and  lower  end  being  somewhat  drawn  out  to  correspond  to 
the  larger  retinal  vessels.  Its  size  depends  upon  the  distance  from  the 
cornea.  In  Landolt's  experiments  on  his  own  eye  at  a  distance  of  35 
cm.  from  the  cornea  to  the  plane  of  projection  the  mean  height  of  the 
blind  spot  was  52  mm.  and  its  breadth  44  mm.  The  blind  spot  is  much 
enlarged  under  certain  conditions ;  for  example,  by  retained  marrow-sheath 
or  by  papillitis. 

For  the  detection  of  scotomata  small  test-objects,  white,  gray,  or  colored, 
^  cm.  square,  are  employed,  which  are  moved  in  different  directions  from  the 
point  wliich  the  eye  under  observation  attentively  fixes,  and  the  spot  marked 
where  the  object  begins  to  disappear  or  change  its  color.  The  arm  of  the 
perimeter  is  usually  marked  near  the  center  in  half  degrees  for  this  purpose. 
All  examinations  around  the  center  of  the  field  of  vision,  and  hence  the  ex- 
aminations for  scotomata,  are  readily  made  upon  a  blackboard.  Berry  urges 
that  the  ordinary  test  for  scotomata  be  supplemented  by  making  an  examina- 
tion of  the  particular  area  of  the  field  at  a  distance  of  2  m.  or  more,  so  as  to 
obtain  a  larger  projection  of  the  blind  portion,  and  to  be  able  to  work  with 
small  retinal  images  without  necessitating  the  use  of  very  small  objects. 

Field  of  Fixation. — This  includes  all  points  which  the  eye  under 
observation  can  successively  fix,  the  head  being  perfectly  stationary.  Various 
methods  for  determining  the  limits  of  the  field  of  fixation  have  been  employed  ; 
for  example,  watching  the  image  of  a  candle  flame  on  the  center  of  the  cornea 

^  Readers  interested  in  the  acuity  of  vision  of  the  peripheral  parts  of  the  retina  and  tests 
for  the  light-sense  of  the  retinal  periphery  are  referred  to  the  excellent  papers  on  this  subject 
by  Groenouw  {Archive.^  of  Ophthalmologi/,  xxii.,  1898,  p.  502)  ;  Ward  Holden  (Jbid.,  xxiii.,  1894, 
p.  40)  ;  and  Karl  Baas  (loc.  ciL,  pp.  52-57).  In  the  last-named  publication  the  literature  of 
the  entire  subject  is  reviewed. 
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as  the  eve  follows  the  test-light  moved  along  the  perimeter  arc  until  the  limit 
of  movement  is  reached.  This  method,  suitable  to  amblyopic  eyes,  is  not  so 
accurate  as  one  which  recpiires  the  patient  to  distinguisli  letters.  The  patient 
is  seated  before  the  perimeter,  with  the  semicircle  horizontal,  precisely  as  if 
his  visual  field  was  to  be  examined,  and  the  eye  under  observation  (the  head 
being  perfectly  rigid)  is  made  to  follow  a  word  composed  of  test-letters  repre- 
senting the  niinimiim  acuteness  of  vision,  and  the  i)oint  where  vision  ceases 
to  be  (listinct  marked  in  successive  meridians.'  Landolt's  measurements  of 
the  field  of  fixation  under  normal  conditions  are  as  follows  :  Outward,  45- 
50°  ;  inward,  45°  ;  upward,  35-40°  ;  downward,  60°. 

Dr.  CI.  T.  Stevens  determines  the  rotations  of  the  eyes  with  a  special 
instrument  called  a  tropomefer.  According  to  his  measurements,  the  most 
favorable  rotations  are — Outward,  50°  ;  inward,  55°  ;  upward,  33°  ;  down- 
ward, 50°.    (See  also  p.  499.) 

Tension. — This  term  indicates  the  intraocular  resistance,  and  is  clini- 
cally demonstrable  by  palpating  the  globe  with  the  finger-tips.  The  middle 
and  ring  fingers  are  placed  upon  the  brow  of  the  patient,  the  tips  of  the  index 
fingers  upon  the  eyeball,  and  gentle  to-and-fro  pressure  made,  the  eyes  being 
directed  downward.  This  pressure  must  be  made  in  such  manner  as  not  to 
push  the  ball  into  the  orbit;  otherwise  no  information  of  its  true  resistance  is 
obtained.  The  tension  of  one  eye  must  always  be  compared  with  that  of  its 
fellow,  and  in  any  doubtful  case  the  results  may  be  contrasted  with  those 
obtained  by  examining  an  eye  known  to  be  normal  in  another  patient  of 
similar  age. 

Normal  tension  is  expressed  by  the  sign  Tn,  and  the  departures  from  it 
by  the  symbols  +  ?,  +  1,  +  2,  +  3,  and  —?,—!,  —  2,  —  3  :  the  plus  signs 
indicate  increased,  and  the  minus  signs  decreased,  resistance.  In  physiologi- 
cal experiments  various  kinds  of  apparatus,  constructed  upon  the  principle  of 
the  manometer,  are  employed,  and  for  clinical  purposes  instruments  known  as 
tonometers  have  been  devised.  In  practical  work,  however,  sufficiently  accu- 
rate data  are  obtainable  by  a  careful  use  of  the  educated  finger-tips. 

Protopsis,  or  protrusion  of  the  eye,  may  be  cansed  by  orbital  diseases,, 
tenotomy,  paralysis  of  the  ocular  muscles,  and  Graves's  disease  ;  while  en- 
largement of  the  ball  is  the  result  of  various  conditions  residing  within  the 
globe — myopia,  intraocular  tumor,  and  staphyloma.  If  the  cause  is  uni- 
lateral, the  resulting  condition  is  asymmetrical  and  the  two  eyes  may  be 
compared  by  observing  the  relative  positions  of  the  apices  of  the  coriiese  with 
each  other  and  with  the  line  of  the  brows. 

The  eyeball  is  apparently  shrunken  {enophihahnos)  in  some  cases  of" 
ptosis  and  in  wasting  of  the  orbital  fat,  and  is  diminished  in  size  in  high 
grades  of  hyperopia  and  congenital  failures  of  development.     As  Nettle- 
ship  has  pointed  out,  the  amount  of  exposed  sclera  decides  the  apparent  pro- 
trusion or  recession  of  the  eyeball. 

Position  of  the  Kyes. — Instead  of  presenting  parallel  visual  axes,  one 
eye  may  be  deviated  inward,  outward,  downward,  or  upward,  constituting 
one  of  the  various  types  of  strabismus,  a  condition  which  may  or  may  not  be 
associated  with  diplopia. 

•  Casev  Wood  has  devised  a  useful  test  for  this  purpose :  Trans.  Ophthulmolog.  Section  A.  M 
A.,  Chicago,  1896,  252-259. 


THE  OPHTHALMOSCOPE  AND  ITS  USE;  THE 
NORMAL  EYE-GROUND. 

By  B.  ALEX.  RANDALL,  A.  M.,  M.  D., 

OF  PHILADELPHIA. 


Ophthalmoscopy  is  the  visual  exploration  of  the  eye,  and  is  more 
strictly  limited  to  the  study  by  transmitted  light.  Its  utilization  has  inau- 
gurated a  new  era  in  ophthalmology,  from  which  most  of  its  scientific  devel- 
opment dates ;  but  general  medicine  lias  been  and  is  greatly  concerned  in  the 
information  thus  gained.  The  ophthalmoscope  ought  to  be  in  daily  use  in 
the  hands  of  every  physician,  and  it  will  be  when  the  erroneous  impression 
has  been  removed  that  its  use  is  difficult  to  learn.  A  half-hour's  good 
instruction  can  give  any  intelligent  person  command  of  its  technique  and  a 
dozen  illustrations  of  its  various  revelations ;  and  moderate  practice  alone, 
with  loyal  adhesion  to  the  cardinal  rules,  will  then  serve  to  widen  almost 
ad  maxinmm  the  field  of  its  employment.  Compared  with  medical  micros- 
copy, its  technique  is  very  simple,  although  reasonable  persistence  in  the  face 
of  difficulties  may  be  less  easy  when  dealing  with  a  patient  than  in  the  quiet 
conditions  of  laboratory  work.  The  beginner  must  not  expect  to  succeed  at 
once  under  adverse  conditions  which  would  try  or  even  baffle  the  expert :  the 
study  of  a  patient  in  bed  is  comparatively  hard,  even  with  an  electric-light 
ophthalmoscope,  and  when  intractable  or  otherwise  difficult  his  examination 
may  prove  beyond  the  power  of  any  one ;  yet  it  is  to  such  very  practical 
utilization  that  the  physician  may  at  once  unreasonably  desire  to  put  the  new 
accomplishment.  Restricted  at  first  to  easy  conditions,  the  art  may  be  prac- 
tised with  few  failures  and  rapidly  growing  comprehension  ;  the  infinite 
variations  which  fall  within  the  physiological  limits  will  be  gradually  learned 
and  cease  to  be  frequent  enigmas,  and  the  physician,  made  duly  self-confident 
by  his  success,  will  not  too  easily  accept  defeat  when  difficulties  have  to  be 
surmounted.  Learning  that  real  cause  only  need  disturb  him,  he  will  seek 
the  ground  of  his  difficulties  in  the  narrow  group  of  requirements ;  and  when 
these  have  all  l)een  met  can  feel  assured  tliat  he  has  located,  if  not  overcome, 
the  obstacles,  and  learned  as  much,  perhaps,  as  the  circumstances  would  permit 
to  any  one. 

The  Ophthalmoscope. — The  ophthalmoscope,  migen-spicc/el  of  the 
Germans,  is  a  mirror  for  throwing  light  into  the  eye.  Elaborate  and  costly 
forms  have  been  devised  in  numberless  variety,  intended  to  meet  almost  every 
possible  requirement  in  the  way  which  the  designer  thinks  best ;  but  it  must 
not  be  forgotten  that  any  one  can  in  a  moment  improvise  an  instrument 
better  adapted  sometimes  to  the  needs  of  the  case  before  him  than  any  which 
he  could  find  in  the  shops,  and  competent  for  a  considerable  group  of  cases. 
A  bit  of  looking-glass  with  a  hole  scratched  in  its  silvering,  two  or  three 
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microscope-slides  held  together  in  the  fingers,  or  three  or  four  cover-glasses  in 
the  end  of  a  split  stick — improvisations  of  the  original  Helmholtz-mirror — 
can  reveal  the  commencing  changes  at  the  macula  of  renal  disease  which  might 
easily  escape  the  user  of  the  most  high-priced  ophthalmoscope.  But  this 
"  weak-light"  instrument  is  an  over-refinement  for  the  majority  of  cases  :  the 
condensed  illumination  of  a  perforated  concave  mirror  is  more  generally  use- 
ful, and  the  brow-mirror  of  the  otologist  and  laryngologist  may  revert  to  its 
earlier  use,  when  Ruete  first  employed  it  for  ophthalmoscopy. 

Yet  an  instrument  designed  for  wide  diversity  of  ophthalmoscopic  work, 
and  convenient  in  size  and  construction,  is  naturally  to  be  jDreferred.  The 
original  ophthalmoscope  of  Helmholtz  is  practically  unknown  to  most  modern 


Fig.  117.— Ophthalmoscope 
of  Helmholtz:  the  concave 
shade  B  is  set  at  the  side  of 
the  handle,  o,  with  disks  of 
lenses  (ft)  centering  at  its 
sight-hole.  In  front  of  this  a 
triangular  case  projects,  car- 
rying three  thin  glass  plates 
at  an  angle  of  .'16°  to  the  line 
of  sight,  by  means  of  which 
the  light  is  reflected  into  the 
observed  eye. 


Fir,,  lis.— Loring's  ophthalmoscope,  with  tilting  mirror 
disk  of  lenses  from  —  1  to  —  8  and  0  to  +  7,  and  supplemental 


containing 
from  +  23  to 


0.5  and 
—  24D. 


complete 
quadrant 


+  16  D.   This  affords  66  glasses  or  combinations 


oculists,  and  its  surpassing  value  in  some  directions  has  been  eclipsed  by  less 
cumbersome  rivals  (Fig.  117).  The  convex  mirror  of  Zehender,  on  which 
the  light  is  concentrated  by  a  lens,  has  as  completely  passed  away,  and  almost 
every  ophthalmoscopist  of  to-day  utilizes,  with  scant  or  no  recognition,  the 
perforated  mirror  of  Ruete.  Behind  this  is  generally  placed  the  revolvino- 
disk  of  lenses  added  by  the  optician  Rekoss— single,,  double,  or  even  treble— 
and  upon  these  fundamental  elements  have  been  rung  changes  more  numer- 
ous than  could  be  here  recorded.  Some  of  the  best  of  these  arrangements 
worthy  of  being  credited  to  the  designer  we  owe  to  the  lamented  Dr.  Edward 
G.  Loring.  The  modifications  of  his  later  instrument  (Fig.  118)  are  all  ques- 
tionable gains  at  the  cost  of  undoubted  loss,  and  are  almost  as  numerous  as 
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the  individual  users.  That  of  the  writer  (Fig.  119)  aims  at  unusual  com- 
pleteness of  the  series  of  lenses,  cylindrical  as  well  as  sjjherical,  brought 
.seriatim  to  the  sight-hole  without  removing  the  instrument  from  the  eye,  and 
boasts  a  minimum  deviation  from  the  dimensions,  weight,  and  balance  of  the 
best  "  Loring."  Dr.  Edward  Jackson's  admirable  use  of  slides  of  lenses 
(Fig.  120)  forms  the  simplest  of  "refraction-ophthalmoscopes,"  most  warmly 
to  be  commended  to  the  non-expert ;  while  Couper's  chain  of  lenses  (Fig. 
121)  or  Morton's  moditication  of  it  offers  a  most  ingenious  solution  of  the 
difficulty  of  bringing  a  wide  series  of  uncombined  glasses  close  behind  the 
sight-hole  of  the  tilted  mirror.    For  the  practitioner  who  is  willing  to  make 

but  small  outlay  the  simple  Liebreich 
mirror,  with  its  clip  to  hold  its  few 
lenses,  will  prove  fairly  satisfactory. 

Optical  Principles  of  the  Instru- 
ment.— These  need  concern  its  user 
little  at  first.  Rule-of-thumb  methods 
will  suffice  for  the  great  majority  of 
cases,  and  the  minutiae  of  the  dioptrics 


Fig.  119.— Randall's  modified  Loring  ophthalmoscope,  in  which  the  "  quadrant"  is  moved  bv  the  copr 
below,  so  that  every  ffla.ss  can  be  brought  to  the  sight-hole  without  removing  the  instrument  from  the 
eye.  A  disk  of  concave  cylinders  0.5  to  4.  is  excentrically  mounted,  so  that  each  can  be  brought  at  any 
desired  inclination  of  its  axis  into  combination  with  any  spherical.  It  gives  ."il  spherical  louses  or  com- 
binations. The  mirror  can  be  detached  to  substitute  a  weak-light,  plane,  or  more  concave  mirror,  or  left 
off,  uncovering  the  6  mm.  breadth  of  the  lenses  when  the  instrument  is  used  as  an  optometer.  The  disk 
of  cylinders  can  be  left  off  as  drawn,  or  attached  to  any  form  of  ophthalmoscope. 


of  the  eye,  upon  which  depend  such  questions  as  the  am])lification  of  the 
erect  image  and  the  height  or  depth  of  objects,  involve  formulas  from  which 
most  oculists  shrink.  We  will  consider  only  the  manifest  facts,  easily  ob- 
served and  verified,  which  go  to  make  up  the  possibilities  and  limitations  of  the 
instrument,  and  will  consider  the  refraction  and  accommodation  of  the  eye  only 
so  far  as  they  force  themselves  upon  the  attention  of  the  ophthalmoscopist. 

The  eye  is  a  camera  obscura,  provided  with  a  complex  lens-system  ca])able 
of  changing  focus  and  armed  with  a  diaphragm — the  iris — which  varies  the 
size  of  its  central  opening — the  pupil — limiting  the  amount  of  light  which 
enters  and  the  optical  imperfections  of  the  image.     This  pupil  generally 
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appears  black  because  the  light  entering  it  is  reflected  back,  after  partia  ab- 
sorption, in  exactly  tiie  direction  from  which  it  came.  As  the  observer  s  head 
is  not  o-enerallv  a^oiirce  of  liglit,  but  an  obstacle,  cutting  olf  all  illumination 
from  that  direction,  his  eve  receives  none  of  the  returning  rays.  If  the  pupil 
be  wide,  however,  and  the  retinal  sur- 
face less  than  the  focal  distance  behind 
it,  as  is  common  in  children  and  in  ani- 
mals, it  is  not  ditticult  to  obtain  a  red  — ,t«xM,>^™, 


Fi(i.  120.— .Tacksnii's  ophthaliTinsoopo.  with  two 
superposed  slides  of  lenses  coming  singly  or  com- 
bined behind  the  sight-hole  of  the  tilting  mirror. 
It  gives  r>o  lenses  or  combinations,  from  +  11  to 
—  IS  D.,  with  great  convenience,  and  is  exceedingly 
simple  and  thin. 

Like  most  other  ophthalmoscopes,  the  figures 
are  red.  to  indicate  concave  glasses,  and  white  to 
mark  convex,  making  mistake  or  confusion  as  to 
combinations  unlikely. 


Fig.  121.— Conner's  ophthalmoscope, 
clij  ■ 


with  74 

lenses  in  endless  chain  coining  singly  close  behind 
the  excentric  tilting  mirror,  which  rotates  to  the 
left  when  the  left  eye  is  to  be  examined.  In  Mor- 
ton's modification  the  lenses  are  free  in  the  chan- 
nel, and  moved  by  the  sprocket  acting  below. 


reflex  from  within  the  eye.  Ophthalmoscopy  aims  to  secure  uniformly  this 
result,  by  so  reflecting  a  beam  of  light  that  the  observer's  eye  is  always  in 
position  to  receive  the  returning  rays,  and  not  only  to  obtain  a  diffused  glare 
from  the  pu[)il,  but  to  see  numberless  details  within.    For  this  a  number 
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•of  optical  conditions  have  to  be  met,  depending  not  only  upon  the  refraction 
of  the  eye  in  general,  hut  upon  that  of  the  observed  eye  in  particuhir,  and 
involving  even  the  conditions  of  the  observer's  eye.  To  these  we  first  must 
turn. 

By  the  law  of  the  conjugate  foci  of  lenses,  light  from  within  the  illumi- 
nated eye  emerges  in  parallel  rays  if  the  eye  be  emmetropic,  div(>rg('nt  if 
hyperopic,  convergent  if  it  be  myopic.  To  make  such  rays  furuisli  a  clear 
image  of  the  interior  two  methods  are  in  vogue,  and  various  optical  apparatus 
is  needful  for  eacii.  The  simpler  method  is  known  as  the  "  direct,"  or  that 
of  the  "upright  image,"  in  contrast  to  the  "indirect,"  which  gives  an  "inverted 
image." 

Direct  Method  of  Ophthalmoscopy. — In  this  method  the  mirror  is 
placed  before  the  observer's  eye,  so  as  to  throw  light  through  the  pupil  of  the 
observed  eye,  and  the  two  are  brought  close  together  (Fig.  122).  If  the  ob- 
served eye  be  emmetropic,  parallel  rays  pass  from  it  into  the  observer's,  and  if 
this  be  also  emmetropic,  a  clear  image  is  obtained  without  further  aid.  If 


Fio.  122.— DiiiKrJiin  of  the  direct  method  with  tlic  funnation  of  an  upright  iniase  :  rays  from  the  source 
of  lif;ht  /.  are  received  upon  the  concave  mirror  M,  and  converged  upon  the  observed"  eye  Obd.,  within 
which  they  cross  and  illuminate  an  area  of  its  fundus.  From  an  area  A  B  thus  lighted,  rays  pass  out  of 
tiie  pupil  (parallel  if  it  be  emmetropic,  as  here  represented)  through  tlie  sight-hole  of  the  mirror,  and, 
entering  the  observer's  eye,  Obr.  are  focussed  upon  his  retina.  An  image  is  there  formed  as  though  the 
object  seen  were  at  a  great  distance,  and  the  perceirtive  centers  jirojeet  it  into  space  as  though  the  object 
were  at  some  arbitrary  distance  {c.  c/.  2r>  cm.).  By  the  laws  of  magnification  by  a  simple  lens  the  image  is 
embraced  between  the  lines  passing  from  the  optical  center  of  the  magniiying-lens  (the  refracting  system 
of  the  observed  eve),  through  the  extremities  of  the  object,  and  has  the  size  A'  B',  A"  B",  etc.,  according 
to  the  distance  of  projection. 

the  observed  eye  be  hyperopic,  myopia  or  accommodation  in  the  observing 
eve  may  neutralize  it  and  permit  of  seeing  clearly  ;  if  not  exactly  thus 
adjusted,  a  convex  lens  must  be  introduced  to  render  parallel  the  divergent 
rays.  If,  on  the  contrary,  the  eye  be  myopic,  the  observer  must  employ  a 
concave  glass  to  bring  the  convergent  rays  to  parallelism,  unless  himself 
Jivpero])ic  enough  to  be  focussed  for  such  convergence.  Thus  it  is  requi- 
site tiiat  there  shall  be  a  series  of  concave  and  convex  lenses  at  command, 
which  may  be  skilfully  used  as  required  in  order  to  afford  clear  views  in  all 
conditions  of  refraction. 

But  this,  while  inconvenient  in  some  respects,  constitutes  one  of  the  great 
advantages  of  the  direct  method  ;  for  the  lens  thus  required  to  give  a  sharp 
image  of  the  retinal  details  becomes,  under  proper  conditions,  the  measure  of 
the  amefropln.  That  this  should  be  accurate  assumes  that  the  observer  must 
be  emmetropic  or  allow  for  his  error  of  refraction,  and  make  no  accommodative 
effort  that  would  change  it  from  this  basis.  The  lens  thus  used  must  be  prop 
erly  placed  before  the  observed  eye.  It  ought  to  be  about  13  mm.  from  the 
cornea,  at  the  anterior  focus  of  the  lens-system,  and  it  should  be  tilted  little  if 
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at  all,  since  this  has  a  distorting  effect.  The  ophthalmoscope  should  be  so 
constructed  as  to  give  a  considerable  series  of  glasses  coming  seriatim  to  the 
sight-hole,  which  should  not  be  too  small  nor  tunnel-like  from  thickness  of 
the  instrument ;  and,  as  the  light  must  be  taken  from  the  side  of  the  patient's 
head,  the  mirror  should  incline  in  the  needed  direction,  leaving  the  rest  of 
the  ophthalmoscope  straight. 

The  held  of  view  open  to  the  direct  method  is  never  larger  than  the 
pupil,  and  grows  steadily  smaller  as  one  draws  farther  away  from  the  ob- 
served eye.  So  the  advantage  of  a  dilated  pupil  is  evident :  although  an 
expert  can  approach  so  close,  locate  so  well  the  image  presented,  and  pro- 
ceeding from  it  to  each  other  desired  part  of  the  eye-ground,  can  build  up 
from  tliis  series  of  glimpses  so  satisfactory  a  mosaic,  that  he  may  explore  with 
ease  through  a  3  mm.  pupil  when  a  tyro  might  find  difficulty  even  were  the 
pupil  dilated  to  G  or  8  nun.  The  periphery  of  the  lens  and  the  extremes  of 
the  eye-ground  cannot  be  seen  through  a  contracted  pupil,  however  expert 
the  ophthalmoscopist ;  and  a  case  demanding  such  study  must  have  a  drop  or 
two  of  a  mydriatic,  such  as  1  per  cent,  solution  of  homatropin  or  0.5  per 
cent,  of  atropin,  instilled  and  given  time  to  act. 

When  there  is  inequality  of  the  refraction  in  the  various  meridians  of  the 
eye,  constituting  astigmatism,  there  is  a  distortion  of  the  image  of  the  eye- 
ground,  and  all  details  are  not  equally  well  seen  -with  the  same  lens.  If,  as  is 
most  conmion,  this  be  due  to  excess  of  curvature  of  the  cornea  in  its  vertical 
meridian,  fine  vertical  vessels  in  the  retina  will  be  sharply  seen  with  a  stronger 
convex  or  weaker  concave  lens  than  any  others,  especially  the  horizontal 
vessels  adjacent ;  and  thus  a  ready  means  is  afforded  of  recognizing  and 
measuring  astigmatism  (see  also  page  199). 

Indirect  Method  of  Ophthalmoscopy. — The  indirect  method  has 
certain  decided  advantages.  The  magnification  obtained  is  less  and  the  field 
proportionately  larger  ;  hence  a  better  general  view  can  be  thus  gained. 
Then  its  sharpness  is  largely  indej)endent  of  the  refraction  of  the  eye,  un- 
steady movements  are  less  disturbing,  and  it  can  supplement  the  direct 
method  in  many  important  relations.  Differences  of  level  count  for  less, 
although  quite  perceptible,  and  may  reveal  their  true  relief,  previously  mis- 
understood.' A  simpler  instrument  is  competent,  since  a  concave  mirror,  a 
double  convex  lens  of  2-3  inches  focus  (14-20  D.),  and  one  or  two  lenses  to- 
clip  behind  the  sight-hole  meet  all  requirements. 

In  this  method  the  eye  is  illuminated  from  a  distance  of  25-30  cm.,  and 
the  emerging  rays,  unless  already  strongly  convergent,  are  intercepted  with 
the  convex  lens  held  some  5  cm.  in  front,  so  that  they  are  brought  to  a  focus 
near  by.  Here  a  real  inverted  image  is  formed  in  the  air  (Fig.  123),  and  this, 
and  not  the  eye-ground  itself,  is  studied  by  the  observer,  generally  with  the 
help  of  a  convex  lens  to  magnify  it.  The  principle  is  the  same  as  that  of 
the  compound  microscope,  while  the  direct  method  is  like  the  use  of  a  simple 
lens,  the  lens-system  of  the  observed  eye  serving  to  magnify  all  the  details 
of  its  own  interior.  The  myopic  observer  may  often  dispense  with  any  mag- 
nifier back  of  his  mirror,  and  if  the  observed  eye  be  very  myopic,  it  forms 
the  requisite  image  near  enough  in  front  to  obviate  the  need  for  an  object- 
glass.  Here,  then,  the  mere  concave  mirror  may  serve  all  needs,  and  in 
circumstances  where  the  satisfectory  use  of  the  direct  method  is  very 
difficult. 

In  this  method  much  depends  upon  the  clearness  of  the  object-lens  held 
near  the  observed  eye ;  and  one  of  ample  size  and  of  material,  like  pebble,. 
1  The  cupping  of  glaucoma  was  mistaken  for  prominence  by  the  earlier  observers. 
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not  easily  scratched,  has  distinct  advantage.  A  protecting  mounting  is  often 
usetul.  The  reflection  from  the  pole  of  the  cornea  is  less  troublesome  than 
when  contrasted  with  the  weaker  illumination  of  the  direct  method  ;  but  the 
reflections  from  the  front  and  back  surfaces  of  the  objective  lens  compel  a 
little  tilting  of  it  to  throw  them  out  of  the  way. 

An  element  of  astigmatic  distortion  is  thus  introduced  which  must  be 
allowed  for.  A  round  optic  disk  may  be  made  to  appear  oval,  the  longer 
diameter  corresponding  with  the  least  inclined  diameter  of  the  lens.  When 
the  eye  is  astigmatic  a  similar  distortion  of  the  disk  appears,  which  may  be 
modified  by  tilting  the  lens  ;  but  irrespective  of  this,  to-and-fro  movement  of 
the  lens  corrects  and  reverses  the  apparent  lengthening  of  the  nerve-head, 
which  reveals  whether  it  is  anatomically  or  only  optically  elongated. 


Fig.  123.— Diagram  of  the  indirect  method  giving  an  inA'erted  image :  rays  from  the  source  of  light  L, 
converged  toward  the  observed  eye  Obd  by  the  concave  mirror  M,  are  intercepted  by  the  lens  Obj,  and 
after  coming  to  a  focus  diverge  again  and  light  up  the  fundus.  From  a  part  of  the  illuminated  fundus 
A  B  rays  pass  out  of  the  pupil  to  be  again  intercepted  by  the  lens  O  and  form  an  inverted  real  image 
at  its  anterior  focus  A'  B'.  This  real  image  is  viewed  by  "the  observer's  eye  behind  the  sight-hole  of  the 
mirror  with  the  aid  of  a  magnifying-lens  Oc,  and  is  seen  enlarged,  as  at  A"  B". 

Size  of  the  Image  and  Mensuration  of  Fundus-Details. — The 

problems  as  to  the  amplifications  afforded  by  the  upright  and  by  the  inverted 
image  and  the  mensuration  of  objects  in  the  fundus  are  complex  and  varia- 
ble. Even  in  the  "  reduced  eye"  many  other  factors  must  be  determined  in 
order  to  permit  of  precise  statement  of  the  result.  Suffice  it  here  to  say  that 
in  the  emmetro])ic  eye  the  upright  image,  when  projected  to  10  inches,  is 
about  sixteen-fold  the  linear  size  of  the  retinal  surface  seen  ;  and  an  optic 
disk  1.5  mm.  in  diameter  will  seem  24  mm.  broad  when  projected  to  25  cm. 
An  easy  test  of  this  is  to  hold  a  quarter-dollar  or  shilling  before  the  one  eye 
while  the  other  views  the  disk,  and  find  the  point  where  the  images  seem 
of  equal  size  :  this  distance  will  vary  little  from  10  inches.  In  hyperopia 
the  enlargement  is  less,  in  myopia  more,  the  myopic  eye  having  virtually  an 
extra  magnifying  lens  in  it  as  contrasted  with  the  emmetro])ic,  and  still 
more  the  hyperopic.  The  indirect  method  affords  about  one-third  as  much 
amplification  as  the  direct,  increasing  as  the  object-glass  is  weakened  and  the 
ocular  strengthened.  Hence  myopia  gives  smaller  and  hyperopia  larger 
images  by  this  method. 

Another  interesting  point,  still  more  practical,  is  the  mensuration  of  the 
axial  lengthening  or  shortening  as  afforded  by  ]U'ominences  or  depressions  of 
the  eye-ground.  Having  determined  the  refraction  at  the  general  retinal 
level,  the  ability  (aside  from  astigmatic  conditions)  to  see  some  object  with 
stronger  convex  or  weaker  concave  lenses  marks  its  protrusion  above  that 
level,  and  the  following  table  shows  the  amount  of  elevation  calculated  for 
the  "  reduced  emmetropic  eye :" 

12 
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Lengthening  or  Shortening  of  the  Eye  in  Axial  Ametropia  (Landolt). 


Tn  prpfl 

A  "Yl  H  1  1  f>Tl  irt  H 

DGcreiis6. 

Axial  length. 

0 

0 

22.824 

0 

0 

22.824 

0.5 

0.16 

22.98 

0.5 

0.16 

22.67 

1 

0.32 

23.14 

1 

0.31 

22.51 

2 

0.66 

23.48 

2 

0.62 

22.20 

3 

1.01 

23.83 

3 

0.92 

2L90 

4 

1.37 

24.19 

4 

1.21 

21.61 

5 

1.74 

24.56 

5 

1.50 

21.32 

2.52 

25.34 

6 

1.76 

21.06 

10 

3.80 

26.62 

7 

2.03 

20.79 

15 

6.28 

29.10 

8 

2.28 

20.54 

20 

9.31 

32.13 

10 

2.78 

20.04 

On  the  contrary,  the  need  of  stronger  concave  or  weaker  convex  lenses  to 
bring  the  object  sharply  to  view  demonstrates  its  depression  below  the  general 
level,  as  also  shown  in  the  table.  The  ])rominence  of  a  swollen  o])tic  nerve- 
head  or  of  a  tumor-mass  may  thus  be  measured,  and  comparison  will  show 
the  variations  of  its  advance  or  n^cession.  So,  too,  a  glaucomatous  or  other 
cupping  of  the  nerve  or  tiie  sta])hylomatous  bulging  in  a  coloboma  may  be 
exactly  determined,  when  at  first  glance  it  may  have  seemed  doubtful  whether 
the  ill-focussed  surface  was  raised  or  depressed.  The  same  table  holds  ap- 
proximately for  general  conditions  of  axial  shortening  or  lengthening,  with 
the  proviso  that  cnnnetropia  (or  any  other  refraction)  may  exist  with  ditferent 
axial  lengths  if  only  the  power  of  the  refractive  media  be  adjusted  to  such 
lengths.  The  axis  of  23.8  mm.,  which  may  be  assumed  for  the  average  adult 
emmetropic  eye,  has  grown  from  some  16  mm.  in  infancy;  and  while  a 
diopter  or  so  of  congenital  hyperopia  may  possibly  have  been  outgrown, 
the  eye  may  be  said  to  have  changed  its  length  and  its  refraction  exactly 
pari  passu}  As  the  other  diameters  of  the  globe  are  generally  aj^proxi- 
mately  the  same  as  the  axis,  and  the  corneal  diameter  is  about  one-half  as 
great,  a  correction  can  be  thus  gained,  perhaps,  when  in  an  eye  not  show- 
ing typically  myopic  or  hyperopic  deformity  we  wish  to  estimate  from  the 
refraction  its  exact  length  and  the  position  of  objects  not  on  the  retinal  level 
within,  as  may  be  desired  in  case  of  operation  for  the  removal  of  a  foreign 
body  in  the  vitreous.    (See  also  page  201.) 

The  mensuration  of  objects  or  distances  on  or  near  the  retinal  level  can 
generally  best  be  given  in  terms  of  the  cardinal  obje(!ts  there  presented  for 
comparison — e.  g.  "  broad  as  the  retinal  vein,"  "  Uxo  disk-diameters  out," 
etc.  The  actual  size  can  easily  be  then  estimated  Avith  as  close  ap]iroxima- 
tion  as  would  be  possible  with  the  complicated  ai)paratus  devistjd  for  actual 
measurement. 

iExamination  of  the  Media. — Previous  to  the  employment  of  either 
method  of  examination  of  the  fundus  it  is  generally  advisable  to  investigate 
the  media  lying  in  front  of  it  both  by  focussed  incident  light  (oblique  illumi- 
nation, see  page  146)  and  by  transmitted  light. 

For  the  latter  it  suffices  to  illuminate  the  eye  with  the  concave  mirror 
from  eight  or  ten  inches  away,  when  any  opacity  in  cornea,  len.s,  or  vitreous 
M  ill  appear  as  a  dark  silhouette  against  the  reddish  background.  Magnifica- 
tion of  this  by  a  convex  lens  behind  the  mirror  enhances  the  delicacy  of  the 
test,  and  often  brings  to  view  minute  details  otherwise  invisible.  Beginning 
at  some  25  cm.  away  with  a  -f-  4  D.  lens,  the  surgeon  can  study  each  eye, 
both  looking  straight  forward  and  in  oblique  positions  ;  and  then,  approaching 
closer  and  using  stronger  lenses,  he  can  focus  at  will  upon  the  cornea,  lens- 

1  Randall  :  Tj  •ans.  Amer.  Ophih.  Soc,  v.  1890,  p.  657. 
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layers,  anterior  or  posterior  capsule,  or  the  various  depths  of  the  vitreous, 
until  at  the  closest  range  the  strongest  available  amplification  may  be  utilized. 
Foreign  bodies  escaping  every  other  effort  at  tiieir  detection  are  thus  readily 
seen,  and  opacities  or  vascularities  of  the  cornea  form  striking  objects. 

The  ]M'eliminary  observation  from  a  distance  has  a  great  advantage  also 
in  the  determination  of  refractive  errors,  for  little  or  no  eye-ground  detail 
comes  sharply  to  view,  except  in  hyperopia  or  marked  myopia  :  in  the  latter, 
slight  movement  of  the  eye  or  head  will  show  that  the  image  is  inverted. 
Irregularities  of  refraction  also  become  thus  readily  manifest,  flattened  facets 
left  by  loss  of  substajice  appearing  like  blisters  in  a  window-pane  to  distort 
the  details  seen  through  them  and  give  the  image  as  in  high  hyperopia.  The 
crondition  known  as  eonicity  of  the  cornea  or  lens  may  thus  appear  to  give 
a  dark  center  or  surrounding  zone,  although  the  tissues  be  perfectly  trans- 
parent ;  and  if  the  observer  draw  back  a  meter  or  more  and  use  a  long-focus 
or  plane  mirror,  every  eye  will  give  shadows  in  the  pupil  with  slight  rotations 
of  the  mirror,  and  the  method  becomes  what  is  known  as  the  xhadow-test  or 
retinoscopy,  our  most  delicate  means  of  estimating  the  refraction  (see  page 
202).  Notable  differences  of  eye-ground  level  are  conspicuous  when  studied 
from  a  distance  of  20  or  30  cm.,  and  this  constitutes  the  best  way  of  studying 
detachments  of  the  retina,  vitreous  opacities,  and  intraocular  tumors. 

Admirable,  too,  is  this  method  for  learning  the  jwsition  of  opacitie>i,  since 
the  movements  of  the  eye  are  about  a  fixed  center  of  rotation  back  of  the  pos- 
terior pole  of  the  lens ;  and  every  visible  object  anterior  to  this  will  seem  to 
move  in  the  direction  of  the  gaze,  and  everything  posterior  in  the  opposite 
direction,  the  rapidity  and  extent  of  the  excursion  indicating  by  parallax  its 
distance  from  that  center. 

Auto-ophthalmoscopy. — A  word  may  also  be  said  as  to  auto-ophthal- 
moscopy,  although  its  value  is  limited.  Several  methods  may  be  employed, 
but  the  simplest  is  that  of  Coccius,  to  hold  the  plane  skiascopy-mirror  be- 
tween the  eye  and  the  shaded  light,  so  that  the  light  falls  into  the  pupil 
through  the  ample  sight-hole,  while  the  emergent  rays  are  caught  by  the 
margin  of  the  opening  and  reflected  back  to  the  macula  (Fig.  124).    UjDon  the 


dark  background  behind  the  lamp  the  observer  will  then  project  the  image  of 
the  small  illuminated  area,  and  with  a  little  care  the  disk  can  be  found  and 
studied  and  the  vessels  followed  out  a  long  way  in  any  direction  except  close 
to  the  macula.  Tiie  picture  is  not  a  mere  suggestion,  like  the  Purkinje 
image,  but  can  be  drawn  in  good  detail ;  and  he  who  is  working  up  eye- 
ground  sketches,  and  has  no  other  model  at  hand,  can  thus  often  freshen  his 
impressions  of  form  or  color  at  the  moment  when  he  most  needs  them.  The 
inability  to  see  the  macular  vessels  is  compensated  by  the  endoscopic  methods 
of  bringing  them  into  view  (Fig.  134),  either  by  the  convex  mirror  of  Ayres 
or  the  pin-hole  of  Mandelstamm. 

Illumination  is,  first  and  last,  the  most  important  element  of  success  in 
all  these  measures.    A  steady  and  ample  source  of  light  of  fairly  uniform 
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color  is  therefore  essential.  Davliijht  is  untloubtedlv  the  truest  illumination 
under  which  to  study  conditions  where  faint  gradations  of  color  are  at  times 
all-important ;  yet  even  within  the  hours  when  it  is  obtainable  it  varies  greatly 
in  any  consultation  room.  Its  use  may  be  ignored  except  as  a  matter  of 
curiosity  or  in  some  leukemic  conditions,  when  it  may  be  noteworthy  if  the 
fundus  looks  as  yellow  under  it  as  the  normal  eye  does  by  lamplight. 

An  Argand  gas-burner,  so  mounted  upon  a  hinged  bracket  or  an  adjustable 
stand  that  it  may  be  shifted  to  any  desirable  position,  is  almost  always  ob- 
tainable or  may  be  substituted  by  any  good  oil  lamp.  A  second  chimney,  of 
glass  or  isinglass,  will  shut  off  much  radiant  heat  from  the  observer,  and  still 
more  from  the  patient  nearer  by  ;  while  an  opaque  chimney  of  iron  or  asbes- 
tos with  a  vertically  oval  opening  about  3  to  5  cm.  will  be  found  useful  in 
restricting  the  light  to  the  desired  direction,  leaving  everything  else  in 
shadow.  With  this  precaution  the  ophthalmoscopic  room  need  not  be  very 
dark,  although  strong  rays  of  daylight  should  be  excluded  by  shutters  or 
shades  ;  and  it  is  very  well  to  have  several  blackish  surfaces  conveniently 
placed  to  form  fixation  points  for  the  patient's  gaze  during  examination.  The 
eyes  may  be  thus  kept  steady,  while  the  dark  surface  affords  nothing  to  call 
forth  accommodative  strain  or  pupillary  contraction.  Either  of  these  may 
prove  serious  obstacles  to  some  of  our  measures,  and  it  is  worthy  of  much 
care  to  avoid  them. 

The  test  and  glare  are  trying  even  to  well  eyes,  and  must  be  mercifully 
and  judiciously  tempered  for  over-sensitive  cases  if  we  would  obtain  full  suc- 
cess and  avoid  actual  injury.  Here  the  use  of  the  plane  or  weak-light  mirror 
may  have  decided  value,  or  the  reduction  of  the  light  by  turning  it  down  or 
narrowing  the  aperture  through  which  it  shines.  If  gas-fixtures  are  used,  it  is 
very  desirable  to  so  arrange  them  that  the  light  may  be  near  the  patient  or  the 
observer  as  desired,  and  with  a  range  of  4  to  6  m.  for  skiascopy — a  need  best 
met  by  having  a  bracket  at  each  end  of  the  room,  one  being  also  used  for 
illumination  of  the  test-type.  It  is  inadvisable  to  have  the  light  too  close  to 
the  patient,  and  much  heat  reflected  by  the  mirror  and  directly  radiated  from 
the  flame  may  be  spared  him  by  putting  the  burner  a  foot  or  more  back  of 
his  head.  It  is  important,  too,  that  the  light  shall  be  as  nearly  as  possible 
behind  the  head,  so  as  to  avoid  needless  rotation  of  the  mirror ;  but  it  must 
not  be  cut  off  by  the  patient's  head  when  the  macula  or  temporal  retina  is 
being  studied.  It  will  be  found  that  if  it  is  far  enough  to  the  side  to  illumi- 
nate the  lid-margins  at  the  outer  canthus,  it  will  meet  all  conditions.  Mode- 
rate tilting  of  the  mirror  will  then  suffice  to  throw  the  light  into  the  eye,  and 
the  instrument  can  be  brought  so  close  that  it  touches  the  brow  and  eyelashes 
of  the  patient  without  having  the  light  cut  off. 

Position  of  Surgeon  and  Patient. — One  of  the  cardinal  errors  of 
the  beginner  is  in  not  getting  close  enough  :  the  field  of  view  is  thus  restricted, 
the  corneal  reflex  more  disturbing,  and  refractive  errors  unduly  distorting  or 
blurring  to  the  details.  In  highly  ametropic  eyes  great  differences  in  the 
required  lens  depend  upon  its  distance  from  the  anterior  focal  point  of  the 
eye — some  13  mm.  from  the  corneal  ])ole  ;  and  in  high  myopia  a  satisfactory 
view  can  sometimes  be  obtained  only  when  the  observer's  brow  is  actually 
touching  that  of  the  patient.  This  presupposes  the  condition,  essential  in 
most  cases,  that  the  observer  use  his  right  eye  for  the  patient's  right  and  hold 
the  ophthalmoscope  in  his  right  hand,  and  vice  versd. 

The  convenience,  or  even  the  possibility,  of  doing  this  depends  in  part 
upon  the  seating  of  ])atient  and  observer,  and  the  face-to-face  position  usual 
abroad  is  not  at  all  the  best.    It  is  better  that  the  observer's  chair  should  be 
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close  beside  the  patient's,  with  the  seats  fully  overlap})! ng ;  and  then,  unless 
very  discrepant  in  height,  each  may  sit  erect  and  at  ease.  A  child  is  often 
of  better  height  standing  l)y  the  ophthalnioscopist's  seat,  and,  on  the  other 
hand,  satisfactory  studies  can  be  most  hastily  made  when  the  observer  stands 
by  the  sitting  or  standing  patient.  If  the  light  be  on  a  swinging  braci<et,  it 
can  be  instantly  swung  from  one  side  to  the  other,  while  the  oplithalmoscopist 
transfers  himself  and  liis  seat  to  that  side  for  the  study  of  that  eye.  Each 
will  learn  the  position  most  satisfactory  to  himself,  and  habitually  adopt  it, 
but  a  constrained  pose  is  to  be  deprecated  as  imperilling  accuracy  and 
thoroughness.  Children  often  tend  to  nod  forward  if  quiet,  or,  on  the  con- 
trary, to  wriggle  and  turn,  so  as  to  need  some  steadying :  the  free  hand  may 
do  good  service,  therefore,  in  lightly  grasping  the  occiput,  while  the  thumb 
rests  in  the  concha,  controlling  any  rotation  (Figs.  125,  126). 

Limited  by  the  pupil  into  which  it  is  thrown,  the  beam  of  light  utilized 


Fig.  125.— Position  of  examiner  and  patient  for  direct  ophtlialmoscopy,  with  seats  overlapping  and 
brows  almost  in  contact.  The  right  hand  and  eye  are  used  in  examining  the  right  eye  of  the  patient, 
and  the  lamp  must  be  on  the  same  side  (De  Schweinitz). 

in  the  direct  method  is  that  from  a  portion  of  the  mirror  close  around  the 
sight-hole,  and  but  little  larger  than  the  pupil.  This  must  be  quite  accu- 
rately centered  with  the  pupil,  as  is  sometimes  best  done  by  throwing  the 
light  from  a  little  distance  upon  the  cheek,  when  the  dark  center  of  the  illu- 
minated area  marking  the  sight-hole  can  be  seen,  and  this  then  centered  in 
the  pupil.  At  the  bedside  a  light  with  a  lens  giving  a  parallel  beam  is  useful. 
If  a  candle  only  be  available,  inclination  of  this  gives  a  broader  flame  and  a 
less  limited  area  of  light  on  the  retina. 

Three  j^rincipal  obstacles  are  met  in  the  study  of  the  interior  of  the  eye  : 
reflections,  opacities,  and  refractive  erro7's. 

Reflections. — To  the  beginner  these  are  very  annoying.  He  hardly  ever 
approaches  sufficiently  close  to  the  eye,  his  fundus-illumination  is  rarely  the 
best,  and  the  brilliant  corneal  reflex  seems  to  occupy  most  of  the  pupillary  space, 
and  frequently  is  regarded  as  the  whitish  optic  disk  for  which  he  is  instructed 
first  to  look.    In  a  narrow  pupil  this  reflection  from  the  cornea  (and  to  an 
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extent  generally  unperceived  those  also  from  the  front  and  back  surfaces  of 
the  lens)  is  ever  an  obstacle  which  the  expert  cannot  wholly  ignore,  and  may 
at  times  find  insurmountable.  Generally  he  can  look  to  the  inner  side  of  it 
or  through  its  margin,  and  api)r()ach  so  near  that  its  perception  is  slight. 
A  small  sight-hole  also  reduces  its  annoyance  by  increasing  the  fundus- 
illumination  and  cutting  off  some  of  the  rays  reliected  from  the  cornea. 

Reflections  are  present  at  all  the  boundaries  between  the  media,  but  only 
those  upon  the  retina  arc  apt  to  be  noticed  when  not  specially  sought.  In 
childhood,  particularly,  the  whole  retina  is  often  covered,  especially  along  the 
larger  vessels,  with  siiimmcring,  ^' n-atcrcd-fiill:"  refections,  ^\h\vh  shift  with 
each  motion  of  the  mirror,  and  by  the  reversed  direction  of  their  movement 
show  that  they  are  formed  by  concave  surfaces  where  the  prominence  over 
the  vessels  passes  into  the  general  retinal  level.  Of  the  same  nature  is  the 
more  definite  rejiex-streak  parallel  to  the  nasal  side  of  the  disk,  to  which 


Fio.  126.— rosition  of  examiner  and  paticiit  for  indirect  ophthalmoscopy:  the  seating  can  he  the  same 
as  for  the  direct  mctliod,  but  the  examiner  sits  a  foot  or  more  away,  holds  the  object-lens  at  abi)ut  its  focal 
flistance  in  front  of  the  oljserved  eye,  steadying  it  by  resting  the  other  fingers  on  the  face,  and  can  use  the 
same  eye  and  hand,  without  change  of  the  lamj),  to  examine  either  eye  of  the  patient  (De  Schweinitz). 

Weiss  has  called  attention  as  being  ])rodromal  of  myopia  (see  page  187,  Fig. 
132),  and  the  bright  streak  (so-called  lir/Jit-refle.v)  always  to  be  seen  along  the 
retinal  vessels,  especially  the  arteries,  has  been  thus  explained. 

In  the  macular  region  a  halo  can  often  be  seen  bv  the  indirect  method, 
generally  horizontally  oval,  and  having  a  diameter  two  or  more  times  that  of 
the  disk.  This  is  less  easily  seen  in  the  upright  image,  unless  a  strongly 
concave  mirror  be  used  ;  and  unless  the  ring  of  reflecting  mirror  just  around 
the  sight-hole  be  centered  exactly  witli  the  jHipil,  only  a  portion  of  it  will  be 
visible.  So,  too,  as  to  the  little  reflection  from  the  fovea  centralis,  which  is 
apt  to  be  crescentic  or  comma-shaped  unless  the  mirror  is  exactly  centered. 
Then  the  tiny  concavity  reflects  the  entire  ring  of  brightness  surrounding  the 
sight-hole,  while  the  center  of  its  floor  gives  back  a  central  point  of  light. 
Like  most  retinal  reflections,  these  are  best  seen  when  the  surface  is  a  little 
beyond  the  focus,  and  are  more  a})t  to  aid  than  disturb,  since  they  serve  to 
locate  the  points  deserving  minute  scrutiny,  and  are  lost  as  the  retinal  struc- 
tures are  precisely  focussed. 


LOCATION  OF  OPACITIES. 
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Opacities  of  the  Media. — These  iire  at  times  prohibitory  of  study  of  what 
lies  beyond  them,  and  unless  their  i)resenee  antl  eharaeter  be  perceived  they 
may  prove  very  harassing  or  misleading  by  suggesting  })artial  obscuration  of  the 
fundus  details^  retinal  lesions,  or  refractive  errors.  Jiut  (hie  employment  of 
focal  illumination  and  the  lii^htinu:  of  the  fundus  from  a  little  distance  will 
rarely  fail  to  reveal  the  real  difficulty  and  serve  to  locate  it  exactly.  Against 
tlie  red  field  of  the  illuminated  pupil  every  sucli  o])acity  will  sliow  dark  in 
proportion  to  its  lack  of  transparency  ;  with  a  magnifying  lens  behind  the 
mirror  most  minute  and  faint  objects  may  be  discerned  readily.  Not  only  real 
opacities,  but  also  irregularities  of  surface,  such  as  conicity  of  the  cornea  or 
lens,  flattened  facets,  or  plications  as  of  tlie  capsule,  (;an  be  thus  re\^ealed, 
and  the  resultant  impairment  of  vision  correctly  interpreted.  Most  difficult 
of  all  are  the  cases  of  turbidity  of  the  media,  since  there  are  often  no  formed 
elements  to  give  definition  to  the  opacity,  which  merely  obscures  the 
view.  Where  the  aqueous  humor  is  at  fault  the  altered  appearance  of  tiie 
iris  often  furnishes  the  clue ;  but  a  discolored  lens  or  a  turbid  vitreous 
can  at  times  puzzle  the  most  expert  and  permit  of  diagnosis  only  by 
exclusion. 

Location  of  Opacities. — Tiiis  is  of  frequent  importance.  When  far  back 
near  tlie  retina  the  anterior  position  of  opacities  can  generally  be  appreciated, 
if  not  estimated,  by  parallax,  as  compared  with  the  movement  of  the  retinal 
vessels  ;  but  the  expert  easily  measures  in  the  erect  image  by  the  interposition 
of  convex  lenses  how  much  forward  an  object  lies.  Near  emmetropia  each 
diopter  gives  a  difference  of  0.3  nun. — theoretically  increasing  to  the  myopic 
side,  decreasing  in  liyperopia  (V.  g.  +  6  D.  ^  1.77  mm.  ;  —  6  D.  =  2.13  mm., 
Nagel).  Anterior  opacities,  on  the  other  hand,  are  generally  referred  to 
the  pui)illary  margin,  and  by  their  motion  relative  to  it  in  movements  of  the 
eye  their  distance  back  or  front  is  determined.  The  center  of  corneal  curva- 
ture, which  is  near  the  posterior  pole  of  the  lens,  may  also  be  used,  as  pointed 
out  by  Jackson  :  the  image  of  the  mirror  can  always  be  seen  in  the  line  of  this 
point,  and  any  motion  in  reference  to  it  determined.  As  previously  stated, 
the  rotation-center  of  the  globe  is  the  cardinal  point  of  reference  (p.  179). 

Refractive  Errors. — These  can  markedly  complicate  the  diagnosis  if  the 
observer  be  not  well  posted.  It  is  often  surprising  how  much  can  be  discerned 
in  an  imfocussed  eye-ground,  not  only  when  hyperopia  allows  a  clear  view 
of  details  from  a  distance  or  to  an  observer  who  does  not  relax  his  accommo- 
dation, but  even  when  considerable  myopia  or  astigmatism  precludes  sharp- 
ness of  definition.  To  the  indirect  method  these  cases  offer  small  difficulty  : 
moving  the  objective  lens  a  little  to  or  from  the  eye  compensates  for  large 
axial  variations,  while  a  little  tilting  of  it  makes  or  corrects  astigmatism  as 
great  as  is  often  met.  Yet  even  to  the  direct  method  more  is  revealed  than 
might  be  expected,  and  careful  focussing  is  called  for  to  decide  whether  all 
the  distortion  or  blur  present  is  really  due  to  the  refractive  error.  Much 
anatomical  anomaly  or  pathological  lesion  can  be  concealed  by  the  imper- 
fection of  the  view  ;  and  minor  changes  in  nerve,  choroid,  and  retina  are  thus 
habitually  passed  over  unseen  or  ignored  by  ophthalmoscopists  of  long  ex- 
perience. The  habit  of  sketching  tlie  findings  in  the  examinations  has  here 
one  of  its  prime  functions ;  and  the  use  of  stereotyped  forms  on  which  to  fill 
in  details  is  to  be  condenmed,  at  least  for  the  beginner.  Each  drawing,  how- 
ever rude  and  imperfect,  should  portray  with  all  possible  precision  the 
apparent  form  of  the  disk,  the  trend  of  its  vessels,  and  the  conditions  of  its 
margins  ;  since  the  minute  observation  here  called  for  may  prove  unexpectedly 
valuable  in  these  very  cases,  and  begets  an  exactness  of  perception  essential 
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and  invaluable  both  in  refraction-measurement  and  in  the  clinical  observation 
of  diseased  conditions. 

Differences  of  Level  in  the  Eye-ground. — These  are  always  to  be  ex- 
pected. The  normal  disk  has  a  prominence  which  justifies  its  name  of  papilla, 
althougli  its  center  is  often  excavated  nearly  to  the  level  of  the  cribriform  lamina. 
The  excentric  location  of  the  disk  commonly  exaggerates  the  greater  protrusion 
of  the  nasal  side,  and  its  major  vessels  are  decidedly  prominent.  This  promi- 
nence may  be  much  increased  by  edema  and  inflammatory  infiltration,  while 
the  lower  level  of  the  outer  margin  and  adjacent  posterior  pole  grows  deeper 
with  the  atrophic  changes  and  stretching  of  "  posterior  staphyloma."  This 
phrase,  like  that  of  "  conus,"  is  often  employed  as  to  conditions  not  strictly 
fulfilling  its  primary  meaning ;  but  the  opposite  view,  that  bulging  at  this 
point  due  to  infiannnatory  softening  does  not  take  place,  meets  daily  refuta- 
tion. These  points  must  always  be  taken  into  consideration,  not  only  in 
relation  to  the  present  refraction  of  the  eye,  but  also  as  to  its  past  and 
future. 

In  the  direct  examination,  then,  we  measure  the  direction  of  the  rays  of 
light,  which,  emerging  from  the  observed  eye,  form  a  sharj)  image  on  the 
observer's  retina.  But  this  relation  is  affected  by  the  observer's  refraction  as 
well  as  the  patient's.  Only  upon  an  emmetro])ic  eye  will  ])arallel  rays  be 
exactly  focussed  ;  and  any  interposed  lens  needed  to  make  sharp  the  image 
measures  the  momentary  ametropia  of  the  patient  ±  that  of  the  observer. 
But  it  is  only  the  refraction  at  the  moment  which  is  measured,  and  this  may 
be  very  far  from  the  static  refraction  which  we  desire.  The  ophthalmoscopist 
must  learn  what  is  his  true  static  refraction,  and  as  far  as  possible  relax 
always  to  this  condition.  The  author  believes  every  one  can  learn  so  to  do, 
although  fatigue,  headache,  or  improper  conditions  will  at  times  preclude  util- 
ization of  the  faculty.  If  the  examiner  does  not,  any  fixed  allowance  for  his 
unrelaxed  accommodation  is  so  utterly  vague  as  to  be  of  little  value.  Those 
who  habitually  use  mydriatics  to  the  total  paralysis  of  accommodation,  and 
accept  in  their  measurements  nothing  as  "  near  enough  "  to  right  which  can 
possibly  be  improved  upon,  learn  that  total  relaxation  and  total  paralysis  are 
identical  in  almost  all  cases,  and  that  the  "  tone"  of  accommodation  of  which 
Donders  wrote  decreases  under  scrutiny  to  the  vanishing-point. 

The  Normal  Fundus. — The  prime  feature  and  landmark  of  the  eye- 
ground  is  the  nerve-head,  with  its  branching  central  artery  and  vein.  This 
lies  some  15°  to  the  nasal  side,  and  a  little  higher  than  the  posterior  ]X)le  of 
the  globe,  and  appears  as  a  whitish  disk  from  which  the  vessels  ramifv  in  the 
fundus  (Fig.  127  ).  It  is  surrounded  by  the  red  choroid,  which  usually  defines 
sharply  its  margin  ;  and  the  frequent  massing  of  choroid  pigment  here  may 
give  a  gray  or  black  edge,  which  is  occasionally  half  as  broad  as  the  disk. 
The  opening  through  the  choroid  is  normally  smaller  than  that  of  the  sclera, 
and  hides  all  trace  of  this  ;  but  at  times,  without  recognizable  absorption  of 
the  choroid  or  its  pigment,  a  ring  of  white  scleral  tissue  {scleral  ring)  can  be 
seen,  partial  or  complete,  within  the  choroidal  ring.    (See  Plate  1.) 

Consisting  of  the  nerve-fibers  which  enter  to  the  retinal  level  and  then 
disperse,  the  disk  often  presents  a  slight  prominence  or  papilla,  in  the  center 
of  which  the  diverging  tissues  form  a  porus  opticus.  This  may  be  incon- 
spicuous, especially  in  early  life  ;  but  is  at  times  both  wide  and  deep,  one 
edge  or  perhaps  all  steep  or  overhanging,  while  part  of  it  is  usually  shelving. 
The  most  conspicuous  feature  is  the  group  of  branching  vessels.  Both  artery 
and  vein  may  come  to  the  summit  of  the  papilla  before  dividing,  but  com- 
monly both  branch  in  the  bottom  of  the  porus,  while  occasionally  only  the 
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subdivisions  in  bewildering  number  emerge  from  the  nerve-head.  Little 
iliiliculty  should  be  experienced  in  distinguishing  the  broader,  darker  veins 
with  their  crimson  tint  from  the  scarlet  arteries,  which  are  near  the  color  of 
the  background  ;  but  the  smaller  branches  differ  less  until  they  cease  to  be 
differentiable.  On  the  larger  veins  and  on  all  the  arteries  disting^uishable  as 
such,  a  bright  streak  of  reflection  ("  UyJit-rejiex  ")  marks  the  central  convex- 
ity and  shifts  slightly  with  variations  of  the  light. 

The  branching  is  usually  dichotomous,  giving  an  upper  and  a  lower  artery, 
which  again  divides  into  a  temporal  and  a  nasal  branch,  while  the  veins 


Fici.  127.— Normal  optic  nerve-hearl,  as  seen  with  the  ophthalmoscope  and  in  section  under  the  micro- 
scope, each  X  15  diameters.  The  slight  papillary  elevation,  with  its  central  porus,  the  central  vessels,  and 
the  beginning  of  their  ramification  in  the  fiber-laver  of  the  retina,  the  sharp-cut  margin  of  retinal  and 
■choroidal  pigmentation  outlining  the  disk  and  slightly  emphasized  as  a  choroid  ring,  are  well  shown. 

present  fair  parallelism.  Small  vessels,  not  always  visibly  arising  from  the 
central,  generally  pass  outward  toward  the  macula ;  and  at  this  margin 
especially,  independent  cUio-rctinal  vessch,  not  always  of  small  size,  are  fre- 
quently met.  The  branches  pass  from  the  disk  with  sinuous  curving  sweep, 
as  a  rule,  and  with  slowly  diminishing  caliber  extend  toward  the  periphery. 
On  the  disk,  especially  as  they  curve  down  into  the  excavation,  the  veins  often 
present  visible  pulsation,  and  in  rarer  cases  of  disproportionate  ])ressure  the 
arteries  also  empty  and  fill,  particularly  in  glaucoma  ;  crossing  and  entwining 
of  vein  and  artery  are  common  (Figs.  128,  129),  but  it  is  extremely  rare  for 
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vein  to  cross  vein,  or  artery  artery.  Anastomosis  of  the  vessels,  almost 
always  on  the  disk,  is  also  of  the  rarest  occurrence  (Fig.  130). 


Figs.  128  and  129.— Entwined  retinal  vessels.  Twisting  of  a  retinal  vein  around  the  accompanying 
artery  on  their  way  to  tlie  region  supplied  is  not  unusual— generally  about  the  margin  of  the  disk :  such  a 
course  of  an  artery,  as  the  superior  temporal  in  (1),  is  rarer,  as  is  also  the  recurrent  turn  of  the  upper 
temporal  vein  to  twist  around  the  upper  nasal  artery  in  (2). 

The  rear  limit  of  the  nerve-head  is  the  cribriform  lamina,  at  which  the 
optic  nerve-fibers  lose  their  sheaths  and  enter  the  eye  as  naked  axis-cvlinders. 


.  Fig.  130.— Anastomosing  veins  and  aberrant  artery. 


This  varies  in  depth,  but  can  generally  be  distinguished,  especially  at  the 
porus ;  and  a  deep  excavation  generally  has  as  its  bottom  this  *  mottled 
sieve-tissue. 
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Fig.  131.— Excavations  in  nerve-head:  (1)  physiological,  (2)  atrophic,  and  (3)  glaucomatous  excavations. 

Tlie  ph  i/siolof/ical  cup  or  excavation  is  usually  present,  and  similar  on  the 
two  sides,  and,  however  deep  and  sharp-cut,  always  leaves  a  marginal  ring 
of  the  disk  undepressed.    The  vessels  can  generally  be  seen  to  emerge  through 


Fig.  132.— Curvilinear  reflex-streak  to  the  nasal  side  of  distorted  disk.  The  eye-ground  api)earanccs 
are  given  in  (1)  with  the  shimmering  yet  fairly  fixed  reflection  concentric  with  the  upper  nasal  nerve- 
margin  of  a  stretching  myopic  eye.  In  (2)  (copied  from  a  section  of  such  an  eye)  (Weiss:  N(tg<Ts  Mitth.) 
is  shown  the  supra-tnxction  of  the  choroid  and  the  distortion  of  the  nerve-head,  projecting  higli  on  the 
nasal  side,  and  furnishing  as  it  passes  into  the  retinal  level  the  concave  surface  which  gives  back  the 
reflection. 
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this  tissue,  which  seklom  overhangs  the  cup  at  all  sides;  and  wliile  the  veins 
often  present  pulsation,  this  is  rarely  seen  in  the  arteries  unless  the  ocular 
tension  is  increased  or  aortic  regurgitation  is  ])resent  (Fig.  131).  An  exam- 
ination of  the  diagrams  w  ill  make  clear  the  diU'erences  between  physiological 
and  pathological  excavations  (see  also  p.  382). 

()ften  there  is  a  curvilinear  reflex  a  little  outside  of  the  nasal  nerve-mar- 
gin, due  to  the  concavity  where  the  prominent  disk  sinks  into  the  adjacent- 
retinal  level  (Fig.  132)."  Weiss,  who  called  attention  to  this,  regards  it  as 
prodromal  of  myopic  stretching.  In  like  manner  a  double-ridged  crescentic 
area  to  the  nasal  side  was  proven  by  Jaeger  to  be  due  to  supra-traction  of  the 
choroid  ;  and  Xagel  and  Weiss  hold  it  to  be  a  feature  in  many  myopic  changes. 
While  none  of  these  things  are  pathognomonic,  they  deserve  to  be  seen  and 
weighed. 

The  macula  or  center  of  most  distinct  vision  near  the  posterior  pole  of 
the  eye  is  the  most  important,  but  generally  least  conspicuous,  region  of  the 
retina.  The  pupil  is  apt  to  be  at  its  smallest  when  this  is  illuminated,  the 
eye  least  steady,  the  corneal  reflex  most  annoying,  and  the  accommodation  most 
variable.  Under  these  conditions  some  of  the  older  authorities  used  to  be 
skeptical  as  to  the  visibility  of  the  macula  lutca.  Yellow  spot"  it  is  not 
normally  in  life,  but  only  a  region  of  deeper  coloration,  generally  maroon  in 
tint,  witli  a  little  shifting  reflex  at  its  center  (fovcal  refie.r).  Tiiis,  which  is 
an  inverted  image  of  the  ophthalmoscopic  min-or  given  back  from  the  pit- 
like fovea  as  a  concave  mirror,  has  the 
form  of  the  illuminated  area  of  the  oph- 
thalmoscope— annular  if  the  sight-hole  is 
exactly  centered  before  the  puj)il,  but 
generally  crescentic  or  comet-shaped  if 
excentric.  A  tinier  central  point  from 
the  center  of  the  fovea  is  sometimes  seen. 


ii-/ 


Fig.  133.— Halo  around  the  macula  as  seen  in 
its  entirety  and  reflex  from  the  fovea. 


Fig.  1:j4.— Minute  vascularization  of  the  macular  region 
as  shown  by  entoscoyuc  study  of  the  writer's  right  eye  il- 
luminated through  a  moving  pin-hole. 


Outside  of  the  macula,  where  the  change  in  retinal  thickness  begins,  a  large 
ring  or  halo  {macular  reflex)  may  be  seen,  complete  only  when  the  mirror  is 
exactly  central,  generally  partial  and  faint  in  the  upright  image.    As  in  the 
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better  definition  of  the  indirect  metliod,  it  constitutes  a  horizontally  oval  ring 
decidedly  larger  than  the  disk,  and  from  1  to  2  disk-diamcters  out  from  its 
lower  border  (Fig.  133).  Like  all  retinal  reflexes,  these  phenomena  are  best 
seen  with  a  strongly  concave  mirror,  and  seem  to  shift  somewhat  above  the 
retina,  fading  as  we  focus  down  to  the  exact  level  at  which  they  arise — 
an  additional  proof  that  they  are  real  images  formed  by  concave  reflecting 
surfaces.    With  advancing  life  all  such  reflexes  are  dim  or  lacking. 

The  center  of  the  macula  is  devoid  of  blood-vessels,  as  may  be  best  seen 
by  the  entoptie  study  (Fig.  134) ;  and  the  ophthalmoscope,  failing  to  reveal 
the  ca})illaries  which  surround  it,  can  best  place  it  by  the  way  in  which  ves- 
sels approach  it  from  all  sides  without  reaching  it  (with  rare  exceptions).  Its 
most  important  blood-supply,  like  its  nerve-fibers,  comes  from  the  temporal 
margin  of  the  disk,  and  the  occasional  presence  of  an  independent  cilio-retinal 
artery  has  saved  central  vision  in  some  cases  of  embolism  of  the  central 
artery.  More  than  in  thicker  parts  of  the  retina,  the  stipple  of  the  pigment- 
layer  should  be  recognizable  in  all  this  region,  and  furnishes  the  most  delicate 
focussing  object  in  measuring  the  refraction  in  the  optic  axis.  Senile  changes 
are  frequent  in  this  region ;  albuminuric  and  other  lesions  are  here  most  cha- 
racteristic, and  sometimes  almost  prodromal ;  and  hemorrhagic  lesions  are  not 
very  rare ;  so  its  scrupulous  study  should  be  the  rule  (see  pp.  416,  420). 

The  periphery  of  the  retina  offers  no  special  peculiarities,  and  is  diffi- 
cult to  see  only  in  proportion  to  the  narrowness  of  the  pupil.  It  is  the  seat 
of  the  earliest  changes  in  retinitis  pigmentosa  ;  its  underlying  choroid  may 
show  equatorial  myopic  stretching  or  splotches  of  disseminated  choroiditis 
and  other  syphilitic  affections — lesions  that  are  often  most  marked  up  and  in  ; 
while  down  and  in,  where  skylight  falls  unobstructed  by  the  brow,  we  com- 
monly find  anv  chano;es  due  to  its  irritation. 

The  color  of  the  eye-ground  is  a  composite  blending  of  factors  vary- 
ing in  value  in  every  case.  In  blondes  the  sheen  of  the  almost  invisible 
retina  is  backed  by  the  orange-red  of  the  chorio-capillaris,  veiled  by  little 
retinal  pigment :  back  of  this  are  the  broader  bands  of  choroidal  vessels, 
through  as  well  as  between  which  light  is  reflected  from  the  sclera.  Only  in 
the  albino  does  this  outer  coat  appear  in  its  full  whiteness,  while  in  most  eyes 
little  light  even  reaches  it  through  the  pigmented  tissues.  The  amount  of 
pigmentation  affects  the  tone  and  conceals  the  deeper  layers  in  varying  de- 
gree, until  in  the  negro  the  retinal  pigment  gives  a  slaty  tapetum,  almost  as 
reflecting  as  that  in  the  lower  animals.  Every  gradation  of  pigmentation  can 
be  seen,  not  only  in  different  eyes,  but  abnost  in  the  same  eye,  since  the 
periphery  is  generally  less  dark,  and  the  choroidal  structure  may  show  every- 
where except  in  the  macula,  where  the  pigment  is  richest.  These  peculiari- 
ties, especially  at  the  nerve-margin,  are  worthy  of  note,  verbal  or  graphic  as 
well  as  mental,  in  a  large  proportion  of  cases,  since  they  mark  minor  but  often 
important  changes  there  in  progress.  So  too  as  to  the  porus  opticus,  which 
is  rarely  marked  in  the  infjintile  disk,  but  soon  becomes  definite,  and  at  times 
increases  greatly  through  atrophy  or  mechanical  pressure. 

Physiological  Variations  and  Congenital  Anomalies. — Among  the 
countless  deviations  from  an  ideal  relation  of  the  eye-ground  picture,  variation 
in  the  vessels  is  most  common.  Often  the  division  of  the  vessels  is  within  the 
nerve,  and  only  the  branches,  perplexingly  subdivided,  appear  on  the  disk.  The 
distribution  may  be  accomplished  by  most  roundabout  curves,  the  whole  group 
of  vessels  passing  inward,  or  in  some  other  direction,  before  separating  toward 
the  different  quadrants  of  the  retina.  The  main  blood-supply  of  the  lower  nasal 
retina  may  come  from  the  upper  nasal  vessels  (Fig.  130)  or  any  similar  irreg- 
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iilarity  ;  and  Inrire  areas,  even  in  two  (|uadrants,  may  be  supplied  by  no  branch 
of  the  central  artery,  but  by  a  ci/io-rcfinal  ms'-sr/  arising  at  the  edge  of  the  disk 
from  the  short  ciliary  vessels  or  communicating  with  the  choroidal  system  (Fig. 


Fig.  135.— Choroido-retinal  aberrant  artery. 


135).  Tortuosity  of  vessels  may  be  mere  exaggeration  of  their  normal  sinu- 
osities ;  but  at  times,  especially  in  strained  hyperopic  eyes,  they  may  have  the 
marked  curves,  vertical  as  well  as  lateral,  usual  in  neuro-retinitis.  Single 
loops  may  lie  across  the  disk  or  adjacent  retina  (Fig.  136)  or  protrude  into  the 
vitreous,  or  the  single  strand  of  the  persistent  hyaloid  artery,  generally  devoid 
of  blood,  extends  forward,  in  rare  instances  reaching  or  branching  upon  the 
posterior  capsule  of  the  lens.  Small  cystic  outgrowths,  especially  to  the  nasal 
side,  may  mark  a  more  atrophic  stage  of  its  condition  (Figs.  137,  138). 


Fig.  136.— I>ooped  and  tortuous  vessels.  Fig.  137.— Persistent  hyaloid  artery. 


Supernumerary  depressions  of  the  disk  with  emerging  vessels  are  occasion- 
ally seen  ;  more  often  there  is  a  colobomatous  gap,  due  to  incomplete  closure 


CONGENITA  L  A  NOMA  LIES. 


191 


of  the  fetal  cleft.  This,  wliicli  is  normally  open  but  for  the  sixtli  or  seventh 
week,  may  be  held  open,  probably  by  intra-uterine  inflammation,  and  give  rise 
to  most  various  and  extreme  malformations.  The  disk  may  be  alone  coloboma- 
tous  and  sIk^w  a  depression,  oftenest  downward,  of  dark  aspect  and  apparently 


Fig.  138.— Cystic  outgrowth  on  disk.  Fiu.  139.— Fibrous  outgrowth  on  disk. 


immeasurable  depth  (Fig.  140),  or  the  white  sheath  may  be  plainly  seen  beneath 
the  gap.  Sometimes  the  sheath  alone  is  involved,  and  the  disk,  superficially 
normal,  shows  a  jieculiar  greenish  coloration  near  one  margin  that  can  be  traced 
into  its  depths.    Oftener  the  choroid  shows  a  defect,  usually  downward,  at  times 


Fig.  140.— Coloboma  of  nerve  and  sheath. 


involving  nerve  and  sheath,  and  perhaps  extending  broadly  as  far  forward  as 
can  be  seen  (Fig.  141),  while  coloboma  of  iris  or  lens,  or  both,  marks  the 
greater  extension  (in  time  as  well  as  area).  Difficult  of  explanation  are  those 
rarer  cases  in  which  the  defect  is  outward,  inward,  or  even  upward,  where 
the  fetal  cleft  can  hardly  be  supposed  to  have  had  influence.  Gap  of  the 
retina  alone,  true  persistence  of  the  fetal  cleft  itself,  has  hardly  ever  been 
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described  :  some  representative  of  retinal  structure  is  usually  present,  when 
perhaps  not  even  a  vessel  marks  choroidal  tissue,  and  the  lack  or  stretching- 
of  scleral  tissue  forms  a  considerable  staphylomatous  concavity.  Areas  of 
defect  at  or  near  the  macula  {V'lg.  142)  are  probably  not  related  to  tlie  fetal 
cleft,  but  mark  mere  atrophy  and  non-development  resulting  from  fetal  in- 
flammation—a  process  that 'may  leave  strands,  knobs,  or  falciform  folds  of 
membrane  protruding  into  the  vitreous  chamber,  and  is  doubtless  responsible 
for  the  persistence  or  perversion  of  most  of  that  for  which  the  faulty  pre- 
natal development  is  held  accountable. 


Fig.  141.— Huge  coloboma  of  choroid,  involving  the  nerve-head  and  extending  to  iris. 


Conus  was  the  name  early  given  to  the  atrophic  choroidal  changes  at 
the  nerve-margin,  which  sometimes  present  a  form  suggestive  of  a  cone. 
Oftener  it  is  a  crescent  embracing  the  outer  half  of  the  disk — at  times  the 
nasal  or  other  margin — in  some  cases  annular,  though  generally  broadest  out. 
With  this  is  generally  associated  an  ectasia  or  f^Utphyloma  j)osticum,  due  to 
coincident  atrophy  or  yielding  of  the  sclera.  Noted  at  first  exclusively  with 
myopia,  many  writers  have  denied  the  kinship  of  the  crescents  seen  in  other 
refractive  conditions  ;  and  there  is  little  doubt  that  several  groups  of  condi- 
tions ought  to  be  differentiated,  just  as  there  are  high  myopias  in  the  illit- 
erate who  do  no  close  work,  unrelated  to  the  eye-strain  myopia  (Fig.  143). 
Any  close  and  experienced  observer  has  seen  at  times  one  of  these  forms 
(usually  distinct)  pass  into  another,  generally  with  elongation  of  the  visual 
axis  ;  and  he  recognizes  the  relation,  although  he  may  feel  unable  to  define  or 
explain  it.    Whether  Hasner's  theory  of  drag  by  the  too  short  optic  nerve 
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upon  its  scleral  insertion  has  general  or  only  occasional  truth,  tlie  crescent 
most  coninionly  begins  at  the  outer  margin  as  a  region  of  altered  color, 


Fig.  142.— Coloboma  of  macula. 


doubtless  inflammatory.  Pigment  is  absorbed,  to  be  deposited  in  most  cases 
at  the  outer  margin  of  tiie  crescent,  and  as  the  atrophy  advances  the  area 
increases  in  size,  usually  by  the  demarkation  of  another  crescent  beyond. 


Fig.  143.— Distorted  myopic  disk  with  scleral  ring,  atrophic  and  semiatrophic  conus,  aberrant  artery,  etc. 

Three  or  four  crescents  at  once  may  be  thus  shown  in  one  eye  in  different 
stages  of  atrophic  change.  Rarely  the  process  retrogrades  and  a  crescent  of 
altered  color  returns  to  the  normal.    Actual  development  of  a  large  myopic 
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crescent  may  never  have  been  fully  observed,  for  in  most  cases  it  and  the 
advance  of  the  myopic  stretching  can  be  stopped  by  atropine  and  alterative 
tonics  ;  and  some  of  us  feel  that  our  full  duty  has  not  been  done  in  a  case  that 


does  progress.  Yet  clinical  study  has  been  long  and  extended,  and  definite 
enough  to  bridge  any  gaps  and  show  the  usual  identity  of  the  processes  ;  and 
strong  anatomical  evidence  to  the  contrary  could  alone  disprove  it. 


Probably  another  matter  is  presented  by  the  condition  called  "  congenital 
conns"  "  conns  cJmonicard or  "  imdcrhi'mg  conns."  It  has  the  form  of  a 
crescent  of  whitish  color,  apparently  extending  in  nnder  the  margin  of  the 
nerve,  generally  below,  although  also  noted  in  or  out  or  at  times  even  above. 
It  is  probably  akin  to  coloboma  of  the  nerve-sheath,  although  not  merging 
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into  this  condition,  secining-  to  underlie  the  uppei-  hiyers  of  the  nerve-head, 
and  to  extend  in  at  times  as  far  as  tlie  central  vessels.  Most  like  the  "  scleral 
ring,"  normally  or  morbidly  revealed,  it  yet  presents  recognizal)le  differences, 
which  seems  to  mark  dissimilarity  of  nature.  Where  it  is  marked,  full  acute- 
ness  of  vision  can  rarely  he  attained  ;  and  tlie  usual  presence  of  notable 
astigmatism  and  the  fre(piency  of  aberrant  vessels  passing  through  it  point  to 
it  as  a  congenital  defect  (Fig.  144). 

An  interesting  anomaly,  sometimes  most  striking  in  api)earance,  is  fur- 
nished by  marroic-sheaths  on  the  retinal  fibers.  Instead  of  being  lost  outside 
of  the  /(  these  elements  are  met  in  patches  at  or  near  the  disk,  of  white 

fringed  aspect,  partly  burying  the  retinal  vessels  under  their  opacity.  The 


Fig.  146.— Small  isolated  marrow-sheath  patch  up  and  out  near  macula. 


rule  in  the  rabbit  and  other  animals,  this  is  an  exception  in  man,  and  may 
constitute  a  huge  broadening  of  the  blind  spot  (Fig.  145).  If  extensive,  they 
are  apt  to  extend  outward  in  the  line  of  the  major  upper  and  lower  temporal 
vessels,  forming  a  crescentic  white  patch,  within  which  the  macula  is  seen 
decentered  out.  At  the  nerve  they  are  apt  to  overlie  the  margin  and  to  cast 
a  greenish  sliadovv  inward  ;  wiiich  is,  of  course,  more  marked  if  there  be  any 
atrophy  of  the  nerve.  They  may  easily  be  mistaken  for  snowy  patches  of 
infiltration,  such  as  the  "  snow-banks "  of  albuminuric  or  other  retinitis, 
although  generally  far  more  fibrillar  in  their  snowy  whiteness  ;  but  the  dif- 
ferentiation is  not  easv  when  they  form  small  isolated  i)atches  unconnected 
with  the  di.sk  (Fig.  146).  Vision,  except  in  the  broadened  blind  spot,  may 
be  absolutely  unaffected  (see  also  p.  472j. 
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OPHTHALMOMETRY;  OPHTHALMOSCOPY,  SKIASCOPY, 
OPTOMETRY;  THE  USE  OF  MYDRIATICS. 

By  EDWAKl)  JACKSON,  A.  M.,  M.  1)., 

OF  PHILADELPHIA.  ' 


Ophthalmometry,  more  properly  called  Keratometry,  is  the  measure- 
ment of  the  curvature  of  the  cornea  and  the  astigmatism  due  to  the  differences 
in  that  curvature  in  different  directions.  The  ophthalmometer  consists  essen- 
tially of  a  telescope  furnished,  in  connection  with  its  object-lens,  with  some 
arrangement  for  doubling  the  images  formed  by  it. 

In  the  ophthalmometer  of  Helmholtz  and  that  of  Leroy  and  Dubois  this 
doubling  is  effected  by  covering  one-half  of  the  object-lens  by  a  piece  of  plate 
glass  inclined  in  one  direction,  and  the  other  half  with  a  piece  inclined  in 
the  opposite  direction.  The  separation  of  the  two  images  produced  by  this 
arrangement  is  the  same  at  whatever  distance  the  object  is  placed. 

In  the  ophthalmometer  of  Javal  and  Schiotz  the  doubling  is  effected  by  a 
double  prism,  and  the  separation  of  the  two  images  is  only  constant  at  a  con- 
stant distance.  To  make  sure  that  the  images  formed  by  the  instrument  shall 
always  have  this  constant  distance  cross-hairs  are  placed  within  the  bari'el  of 
the  telescope.  In  using  the  instrument  these  cross-hairs  must  be  in  focus 
when  the  images  are  focussed  ;  that  is,  the  images  must  be  formed  at  the 
plane  of  the  cross-hairs.  To  effect  this  the  eye-piece  is  so  adjusted  as  ta 
accurately  focus  the  cross-hairs  for  the  observer's  eye,  and  then  the  images  are 
focussed  by  moving  the  telescope  to  or  from  the  eye  under  examination  until 
they  become  distinct  with  the  cross-hairs. 

The  curvntnre  of  the  cornea  is  measured  by  determining  how  large  an 
object  is  re(piired  to  give  a  reflection  from  the  cornea  just  equal  to  the  separa- 
tion of  the  doubled  images.  Knowing  the  size  of  the  object,  the  size  of  its 
reflected  image,  and  the  distance  of  the  object  from  the  eye,  the  radius  of 
curvature  of  the  cornea  is  ascertained  by  a  simple  calculation.  With  the 
ophthalmometer  of  Javal — to  which  alone,  as  of  most  practical  value,  we  shall 
refer — the  distance  of  the  object  is  always  ]>ractieally  the  same.  It  is  deter- 
mined by  the  distance  from  which  the  image  of  the  corneal  reflection  will  be 
formed  at  the  cross-hairs. 

The  size  of  the  cornenl  reflection  is  also  constant,  being  the  extent  to  which 
the  doubling  prism  separates  the  two  images  at  the  constant  distance.  This 
being  the  case,  the  size  of  the  object  and  the  curvature  (or  radius  of  curva- 
ture) of  the  cornea  are  inversely  proportioned  to  one  another,  so  that  a  scale 
can  be  calculated  ui)on  which  a  certain  size  of  object  will  correspond  to  a 
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t3ertain  radius  of  curvature  of  the  coruea.  Such  a  scale  has  been  calculated 
and  laid  oif  upon  the  arm  of  the  ophthalmometer.  Alonji;  with  it  is  placed 
a  scale  of  diopters  of  refracting  power,  corresponding  in  an  average  eye  to 
the  different  lengths  of  the  radius  of  corneal  curvature. 

The  instrument  is  shown  in  Fig.  147.  The  most  striking  part  of  it  is  the 
great  metal  disk  which  shades  the  surgeon  from  the  light,  and  has  on  its 
margin  figures  to  indicate  the  direction  in  which  the  arm  is  turned.  Through 
the  center  of  this  disk  projects  the  telescope,  and  just  below  it  the  arm,  placed 
horizontally,  is  shown,  with  the  two  mires  upon  it,  the  fixed  mire  to  the  right,  the 
movable  mire  to  the  left.  On  the  right  of  the  picture  is  the  head-rest,  with 
adjustable  chin-support,  and  four  electric  lamps  attached  to  illuminate  the 
mires  when  good  daylight  from  a  space  of  open  sky  is  not  available.  The 
telescope  is  mounted  in  a  collar  which  allows  it  to  be  freely  revolved  on  its 


Fig.  147.— Javal-Schiotz  ophthalmometer. 


axis,  carrying  with  it  the  graduated  arm  and  mires,  allowing  the  curvature 
to  be  measured  in  any  meridian  of  the  cornea.  Unimportant  variations  as 
to  the  disk  (which  is  in  some  models  omitted),  form  of  arm,  method  of  illum- 
inating, etc.  are  suggested  by  different  writers,  but  the  essential  features  of  the 
instrument  are  those  above  indicated. 

Method  of  Using  the  Ophthalmometer. — To  use  the  ophthalmome- 
ter the  instrument  should  l)e  ])laccd  where  strong  light  will  fall  upon  the 
mires.  The  patient's  face,  which  should  be  in  comparative  shadow,  is  placed 
in  the  head-rest,  one  eye  covered  with  a  metal  shade  and  the  other  directed 
into  the  barrel  of  the  telescope.  The  surgeon,  glancing  along  the  telescope, 
sees  that  it  is  turned  toward  the  patient's  eye.  Then  by  the  large  .screw 
passing  through  one  foot  of  the  tripod  he  adjusts  the  height  of  the  telescope, 
and  by  moving  the  whole  tripod  back  and  forth  focusses  the  corneal  images 
within  the  instrument.  What  he  sees  is  the  doubled  reflection  of  the  disk 
and  mires,  one  image  of  each  mire  (A  and  B,  Fig.  148)  being  close  together. 
The  movable  mire  is  then  shifted  back  or  forth  along  the  arm  until  the  edge 
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of  its  central  image  just  touches  the  edge  of  the  central  image  of  the  other 
mire  (1,  Fig.  149). 

It  will  be  noticed  that  each  mire  is  crossed  by  a  black  line  parallel  to  the 
arm.  If  the  cornea  is  astigmatic,  these  lines  on  the  adjoining  images  of  the 
two  mires  apjioar  continuous  only  when  tiic  arm  is  turned  in  tlie  direction  of 
one  of  the  j)rincii)al  meridians  of  astigmatism.  In  other  positions  they  seem 
relatively  displaced.  Tiie  telescope  is  now  rotated  on  its  axis  until  the  direc- 
tion of  the  arm  is  found  in  whicii  the  lines  on  the  two  mires  correspond. 
The  mires  are  then  brought  so  tliat  their  images  are  (piite  accurately  in  con- 
tact, and  the  index  on  tiic  movable  mire  indicates  upon  the  scale  on  the  arm 
the  radius  of  curvature  of  the  cornea,  and  corresponding  refraction  in  one  of 
the  principal  meridians. 

The  telescope  is  next  rotated  until  the  arm  stands  at  right  angles  to  its 
former  position.  If  astigmatism  be  present,  it  will  be  found  that  in  this 
position  the  mires  either  separate  or  overlap.    If  they  overlap,  as  in  Fig.  149, 
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Figs.  148, 149.— Mires  or  targets  of  ophthalmometer. 


3,  the  number  of  steps  of  overla})ping  indicates  the  number  of  diopters  of 
astigmatism.  If  in  this  second  position  the  mires  separate,  as  in  2,  Fig.  149, 
they  must  again  be  brought  in  contact  and  then  rotated  back  to  the  former 
direction,  in  which  they  will  now  overlap  and  so  indicate  the  amount  of 
astigmatism. 

If  during  the  examination  the  patient  looks  away  from  the  telescope,  so 
that  some  portion  of  the  cornea  other  than  the  center  is  presented,  the  refrac- 
tion of  this  other  ])art  of  the  cornea  will  be  indicated,  differing,  ])erhaps 
greatly,  from  that  of  the  central  ])ortion  of  the  cornea.  Commonly,  the  first 
position  in  which  the  mires  are  brought  in  contact  will  be  with  the  arm 
horizontal.  But  if  it  is  found  that  in  this  position  the  black  lines  upon  them 
do  not  correspond,  do  not  come  opposite  one  another,  the  instrument  must  be 
rotated  either  way  until  these  become  continuous  one  with  the  other.  The 
position  of  the  patient  during  the  examination  shonld  be  made  as  comfortable 
as  ])ossible  by  having  the  height  of  the  instrument  or  of  the  patient's  chair 
freely  adjustable,  and  the  examination  must  be  completed  quickly  before  the 
patient  has  become  tired  or  restless.  Ophthalmometry  is  of  special  value  in 
cases  of  aphakia.  In  other  cases  the  corneal  astigmatism  wiiich  it  gives 
suggests  approximately  the  meridians  and  amount  of  the  total  astigma- 
tism. 

Objective  Methods  for  the  Measurement  of  Refraction. — Rays 
of  light  to  be  focussed  on  the  retina  must  enter  the  eye  with  a  certain  degree 
of  divergence  or  convergence  for  each  degree  of  ametropia.    Rays  coming 
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from  any  point  of  tlie  retina  and  passing  ont  of  tlie  eye  travel  the  same  paths 
in  the  opposite  direction,  and  leave  the  eye  correspondingly  convergent  or 
divergent.  The  refraction  of  the  eye  may  be  determined  by  ascertaining  wliat 
divergence  or  convergence  nuist  be  given  to  rays  in  order  that  they  shall  be 
focussed  on  the  retina.  Methods  that  do  this  are  subjective  methods  for  meas- 
uring refraction.  Or  we  may  take  the  rays  from  the  retina  and  ascertain  tiie 
degree  of  convergence  or  divergence  which  they  have  on  emerging  from  the 
eye.  Methods  of  doing  this  are  objective  methods  for  the  determination  of 
refraction. 

The  Ophthalmoscope. — 1.  The  Direct  Method. — The  retina  of  the 
patient  being  illnminated  by  the  ophthalmoscope,  rays  proceeding  from  it 
enter  the  eve  of  the  snrgeon  and  are  focussed  on  his  retina.  If  the  surgeon 
is  emmetropic  parallel  rays  will  be  focussed  on  his  retina,  and  the  lens 
necessary  to  focus  there  the  rays  coming  from  the  patient's  retina  is  the  lens 
necessary  to  make  those  rays  parallel — i.  e.  the  lens  which  corrects  the 
patient's  ametropia. 

To  determine  which  lens  does  this  the  surgeon  watches  the  finest  visible 
details  of  the  fundus  of  the  patient's  eye.  When  the  focussing  is  imperfect, 
these  details  are  blurred  ;  when  perfect,  they  are  seen  clearly.  kSuppose  a 
case  of  hyperopia,  illustrated  in  Fig.  150,  in  which  P  represents  the  eye  of  the 
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Fig.  150.— Eye  of  patient  and  surgeon  measuring  H. 

patient,  and  S  the  eye  of  the  surgeon.  The  rays  from  the  patient's  retina 
leave  his  eye  divergent,  and  are  directed  to  focus  back  of  the  surgeon's  retina. 
By  trial  tlie  convex  lens,  L,  is  found,  which,  rendering  the  rays  parallel  (see 
the  dotted  lines),  causes  them  to  be  focussed  on  the  surgeon's  retina.  This 
lens,  L,  which  renders  parallel  the  rays  coming  out  of  the  patient's  eye,  is  the 
correcting  lens,  the  lens  which  would  make  parallel  rays  from  some  distant 
object  convergent  enough  to  focus  them  upon  the  patient's  retina. 
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Fig.  151.— Rays  in  myopia. 

In  myopia  (illustrated  in  Fig.  151)  the  rays  emerge  from  the  patient's  eye 
convergent.  A  concave  lens,  L,  is  required  to  render  them  parallel,  so  that 
they  can  be  focussed  on  the  surgeon's  retina ;  and  this  concave  lens  is  the  cor- 
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recting  lens  which,  placed  in  the  same  position,  Avould  render  the  parallel  rays 
coming  from  some  distant  object  sufficiently  divergent  to  be  focussed  on  the 
patient's  retina. 

If  tlie  patient's  eye  is  emmetro})ic,  the  rays  emerge  from  it  parallel, 
and  require  no  lens  to  secure  their  i)erfect  focussing  upon  the  surgeon's  retina. 

What  has  been  said  of  other  forms  of  ametropia  holds  for  regular  astig- 
matism ;  oidy  the  ametropia  differs  in  different  meridians,  and  its  correction 
in  any  one  nieridian  affects  the  distinctness  of  lines  in  the  fundus  running  at 
riglit  angles  to  that  meridian.  Thus  in  an  eye  where  the  hyperopia  in  the 
horizontal  meridian  requires  a  1  I),  convex  lens  for  its  correction,  and  the 
hyperopia  in  the  vertical  meridian  requires  a  2  1).  convex  lens  for  its  correc- 
tion, tlie  1  D.  convex  lens  renders  clear  the  vessels  which  run  horizontally, 
and  a  2  I),  convex  lens  is  required  to  render  clear  the  vertical  vessels ;  the 
difference  between  tlie  two  lenses,  1  D.,  is  the  amount  of  astigmatism  ]iresent. 

In  the  practical  use  of  the  ophthalmoscope  to  measure  refraction  the  chief 
difficulty  is  due  to  the  influence  of  accommodation  in  the  eye  of  either  the 
patient  or  the  surgeon.  In  any  case  the  effect  of  accommodation  is  the  same 
as  the  effect  of  a  convex  lens,  partly  correcting  hyperopia  and  diminishing  its 
apparent  amount ;  or  adding  to  myopia,  and  to  that  extent  increasing  its  appa- 
rent amount.  Accommodation  in  the  surgeon's  eye  is  guarded  against  by 
practice.  Yet  always  in  young  eyes,  particularly  when  tired  or  irritated, 
there  is  a  chance  of  some  accommodation  being  present.  In  the  jmtient's  eye 
accommodation  is  reduced  to  the  minimum  by  making  the  ophthalmoscopic 
examination  in  a  thoroughly  dark  room  of  sufficient  size,  with  the  gaze 
fixed  on  blank  space  to  encourage  the  complete  relaxation  of  the  ciliary 
muscle.  Using  these  precautions,  the  influence  of  ac(;ommodation  is  still  to 
be  guarded  against  by  choosing,  as  most  nearly  cori"ect,  the  strongest  convex 
or  the  weakest  concave  lens  with  which  the  details  of  the  fundus  are  clearly 
visible. 

In  determining  astigmatism  one  should  first  seek  the  strongest  convex  or 
Aveakest  cowcave  lens  with  which  the  vessels  running  in  any  one  direction  are 
still  clearly  seen.  This  lens  will  give  the  hy])eropia  or  myopia  present  in  the 
meridian  at  right  angles  to  those  vessels.  These  vessels  run  in  one  of  the 
principal  meridians  of  astigmatism,  tlie  other  being  at  right  angles  to  this. 
Having  determined  the  direction  of  the  meridians  and  the  lens  required  by 
one  of  them,  the  next  point  is  to  find  what  lens  renders  clear  the  vessels  run- 
ning at  right  angles  to  those;  seen  clearly  with  the  first  lens.  The  difference 
between  the  two  lenses  gives  the  degree  of  astigmatism. 

Another  source  of  error  in  measuring  refraction  with  the  ophthalmoscope 
lies  in  the  differences  in  the  refraction  of  the  same  eye  through  different  parts 
of  the  dioptric  media.  Thus  the  refraction  at  the  centre  is  never  the  same 
as  the  refraction  at  the  margin  of  the  widely-dilated  jiujiil.  In  some  eyes 
without  a  mydriatic  the  jiupil  dilated  in  the  dark  room  shows  a  very  different 
refraction  at  its  margin  from  that  at  its  center.  The  refraction  at  the  center 
of  the  pupil  is  commonly  what  is  of  importance,  and  the  error  which  might 
occur  by  measuring  refraction  through  the  edge  of  the  pupil  must  be  guarded 
against. 

Again,  the  refraction  of  the  eye  varies  at  different  parts  of  the  retina. 
In  a  perfectly  sjilierical  eye  the  refraction  at  the  macula  is  least  hyperopic  or 
most  myopic.  The  refraction  of  the  anterior  parts  of  the  retina  and  choroid 
may  be  highly  hyperopic,  even  in  eyes  quite  myopic  at  the  macula.  Then, 
too,  the  depth  of  the  fundus  may  vary  in  other  ways,  as  from  posterior 
staphyloma  or  cupping  or  swelling  of  the  optic  nerve  entrance. 
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It  is  therefore  important  to  select  for  the  measurement  of  refraction  the 
details  of  a  certain  part  of  the  fundus,  generally  as  near  the  macula  as  pos- 
sible. For  astigmatism  tiie  examiner  should  take  as  test  lines  the  vessels  run- 
ning from  the  disk  to  the  macula,  with  their  lateral  branches.  The  large 
vessels  as  they  pass  upward  antl  dt)wnward  from  the  o])tic  disk  are  j)articularly 
liable  to  protrude  into  the  vitreous,  and  thus  give  an  appearance  of  astigma- 
tism when  none  is  really  present.  The  i)igment-layer  of  the  retina  and  the 
vessels  are  usually  the  parts  the  refraction  of  which  is  measured  ;  but  the 
attention  may  be  fixed  upon  any  other  detail  seen  within  the  eye.  In 
glaucoma  the  refraction  of  the  bottom  of  the  cup  may  be  com])ared  ^vith  the 
refraction  at  the  margin  of  the  cup,  or  in  optic  neuritis  the  sunnnit  of  the 
swelling  may  have  its  refraction  compared  with  that  of  the  retina  beyond  the 
swelling.  By  its  refraction  the  surgeon  may  seek  to  locate  an  opacity  in  the 
vitreous.  The  distances  in  front  of  the  plane  of  emmetropia  indicated  by  a 
certain  hypero])ia,  and  the  distances  behind  that  plane  indicated  by  an  ecpial 
myopia,  are  shown  in  the  following  table,  calculated  for  the  average  eye,  hav- 
ing an  antero-jiosterior  axis  of  22.824  nun.  (see  also  page  178). 


Diopters. 

H.  Diminution. 

M.  Increase. 

Diopters. 
7 

H.  Diminution. 

M.  Increase. 

1 

0.31 

0.32 

2.03 

2.52 

2 

0.02 

0.155 

8 

2.28 

2.93 

3 

0.92 

1.01 

9 

2.53 

3.35 

4 

1.21 

1.37 

10 

2.78 

3.80 

5 

1.50 

1.74 

15 

3.91 

6.28 

6 

1.76 

2.13  J 

20 

4.90 

9.31 

2.  Indirect  Method. — In  using  the  ophthalmoscope  by  the  indirect 
method  rays  coming  from  the  retina  are  focus.sed  by  the  object  lens  to  form 
a  real  inverted  image  between  that  lens  and  the  surgeon's  eye.  When  they 
emerge  from  the  eye  parallel,  this  image  is  formed  at  the  ])rincipal  focus  of 
the  object  lens.  AVhen  they  emerge  divergent,  as  in  hyperopia,  the  image  is 
formed  farther  from  the  lens.  When  they  emerge  convergent,  as  in  myopia, 
it  is  formed  close  to  the  lens.  By  ascertaining  the  exact  distance  of  the 
image  from  the  object  lens  one  may  determine  the  refraction  of  the  eye. 
This  has  been  attempted  by  placing  a  screen  where  the  inverted  image  is 
most  distinct,  and  measuring  its  distance  from  the  object  lens,  but  this 
method  is  not  of  practical  value. 

A  modification  of  this,  the  Schmidt- Riinpler  method,  instead  of  the  screen 
has  a  source  of  light  of  peculiar  form,  enabling  the  surgeon  to  judge  when 
it  is  accuratelv  focus.sed.  To  use  it  the  object  lens  is  placed  exactly  its  focal 
distance  from  the  princi])al  plane  of  the  eye,  and  by  trial  the  surgeon  finds 
what  distance  the  opiithalinoscopic  mirror  must  be  held  from  the  lens  to  give 
the  most  distinct  view  of  the  image  of  the  source  of  light  upon  the  fundus. 
This  is  obtained  when  the  focus  of  the  mirror  coincides  with  the  focus  of  the 
object  lens ;  and  a  scale  attached  to  the  lens  gives  for  each  position  of  this 
image  the  amount  of  hyperopia  or  myopia  to  which  it  corresponds.  Fig.  152 
represents  the  course  of  the  rays  in  this  method,  tlie  solid  lines  indicating  the 
ravs  reflected  from  the  o})iitiialmoscopic  mirroi'  and  entering  the  eye,  and  the 
broken  lines,  the  rays  coming  from  the  patient's  retina  to  the  eye  of  the 
surgeon. 

By  the  indirect  method  the  nearer  to  the  eye  the  object  lens  is  held  the 
smaller  is  the  inverted  image  in  myopia,  and  the  larger  it  is  in  hyperopia. 
The  change  of  size  due  to  the  change  of  distance  of  the  lens  in  front  of 
the  patient's  eve  varies  with  the  degree  of  ametropia.  Hence  the  presence 
and  kind  of  ametropia  of  high  degree  can  be  recognized  by  varying  the  dis- 
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Fig.  152.— Course  of  rays  in  Schmidt-Rinipler's  method. 


astigmati.>^ni  ^\\c\\  withdrawal  makes  the  disk  relatively  larger  in  the  direction 
of  the  meridian  of  greatest  refraction,  and  relatively  smaller  in  the  meridian 
of  least  refraction.  This  change  in  the  form  of  the  disk  is  an  evidence  of 
astigmatism,  most  noticeable  in  high  mixed  astigmatism. 

Skiascopy ;  Retinoscopy ;  The  Shadow-test.— The  method  of  de- 
termining refraction  with  the  ophthalmoscope  by  the  position  of  the  inverted 
image  is  of  little  practical  value,  because  of  the  difficulty  of  ascertaining  the 
exact  position  of  that  image  and  its  nearness  to  the  eye.  Skiascopy  is  essen- 
tiallv  a  method  of  determining  the  distance  of  the  inverted  image  from  the  pa- 
tient's eye  with  great  accuracy.    Fig.  153  represents  an  eye  in  front  of  which 


L 

Fig.  153.— Eye  with  convex  lens  placed  before  it. 


is  placed  a  convex  lens,  causing  the  rays  from  a  point,  P,  of  the  retina  to  be 
focussed  at  R  ;  the  lens,  />,  may  be  regarded  as  composed  of  two  lenses,  L' 
and  L" — L'  strong  enough  to  render  ])arallel  the  rays  emerging  from  the 
eye,  and  L"  able  to  take  parallel  rays  and  focus  them  at  R.  By  subtracting 
the  strength  of  L"  from  that  of  X,  it  is  easy  to  get  IJ,  the  correcting  lens. 
Suppose  L  to  have  a  strength  of  5  D.,  and  R  to  be  1  m.  (the  focal  distance  of 
a  1  D.  lens)  from  L.  L"  will  be  1  D.,  and  5  —  1  ^  4  D.,  the  strength  of  L' 
required  to  correct  the  hyperopia. 

The  strength  of  L"  to  be  deducted  from  that  of  L  is  found  by  determining 
the  distance  of  R  from  the  lens.  In  Fig.  154,  representing  the  patient's  eye 
(myopic)  focussing  the  rays  from  A  at  C  and  from  B  at  />,  it  will  be  noticed 
that  if  the  surgeon's  eye  be  placed  at  TV,  nearer  the  patient's  eye  than  C  D, 
the  ray  reaching  it  from  A  comes  through  the  upper  part  of  the  pupil,  so  that 
A  Avill  ap])ear  at  a  in  that  direction.  But  if  the  surgeon's  eye  be  placed  at 
N',  beyond  C  D,  the  point  A  will  aj)pear  to  be  located  in  the  lower  part  of 
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tlie  pupil  toward  d' ,  the  ray  from  A  reacliiiig  the  surgeon's  eye  from  that 
direction.  In  the  same  wixy,  from  N,  B  will  appear  in  the  lower  part  of  the 
pupil,  and  from  N',  in  the  upper  part  of  the  pupil. 


Fui.  154.— Showing  how  the  rays  cross,  and  so  change  their  relative  positions  at  the  plane  of  reversal,  D  C. 

This  reversal  in  the  apparent  position  of  any  given  })oints  of  the  retina 
occurs  at  the  distance  of  ('and  I).  Closer  to  the  eye  the  point  really  above 
appears  above  ;  the  retina  is  seen  in  an  erect  image.  Farther  from  the  eye, 
the  point  really  above  ai)})ears  below,  and  the  point  really  below  appears 
above  ;  the  retina  is  seen  in  the  inverted  image.  The  change  from  the  erect 
to  the  inverted  image  occurs  at  the  point  for  which  the  j)atient's  eye  is 
focussed,  either  by  its  own  myopic  refraction  or  a  lens  placed  before  it ;  which 
point  is,  therefore,  called  the  point  of  reversal. 

The  position  of  tlic  point  of  reversal  is  determined  with  practical  accuracy 
by  observing  tlie  apparent  direction  of  movement  of  light  and  shade  in  the 
pupil.  The  liglit  is  thrown  on  the  eye  with  a  mirror,  usually  a  special  form 
of  the  ophthalmoscope  mirror,  which  may  be  either  plane  or  concave.  If 
plane,  it  should  have  a  small  sight-hole,  2  or  2^  mm.  in  diameter,  with  its 
margin  free  from  reflections.  By  turning  the  mirror  slightly  in  different 
directions  the  light  reflected  from  it  on  the  patient's  face,  and  also  the  portion 
entering  his  eye  and  falling  on  the  retina,  are  made  to  move  correspondingly. 
The  movement  of  light  and  shade  as  it  appears  in  the  pupil  is  now  watched. 
When  the  apparent  movement  is  in  the  same  direction  as  the  real  movement 
of  the  light  on  the  retina,  the  erect  image  is  being  watched,  and  the  surgeon's 
eye  must  be  inside  of  the  point  of  reversal,  as  at  iV  (Fig.  154).  When  the 
apparent  movement  in  the  ])upil  is  the  opposite  of  the  real  movement  of  light 
on  the  retina,  an  inverted  image  is  being  watched  and  the  surgeon's  eye  is 
beyond  the  point  of  reversal,  as  at  N'.  By  studying  these  opposite  move- 
ments on  the  two  sides  of  the  point  of  reversal  that  point  is  located. 

With  a  certain  movement  of  the  mirror  there  is  always  the  same  move- 
ment of  the  light  on  the  face  whether  the  mirror  be  plane  or  concave.  Thus, 
when  the  mirror  is  made  to  face  upward  the  light  moves  upward  across  the 
patient's  fac^e.  If  the  mirror  is  turned  down,  the  light  moves  doAvn  across 
the  })atient's  face.  With  the  plane  mirror  tlie  light  on  the  retina  always 
moves  in  the  same  direction  as  the  light  on  the  face — in  the  same  direction, 
or  until  the  mirror.  With  the  concave  mirror  the  light  on  the  retina  always 
moves  in  the  direction  opposite  to  that  of  the  liglit  on  the  face — always  moves 
against  the  mirror  (Fig.  155).  The  reason  for  this  is  that  with  the  jilane 
mirror  the  light  enters  the  eye  as  though  coming  from  an  image  (called  the 
immediate  source  of  light)  as  far  beliind  tlie  mirror  as  the  real  or  original 
source  is  in  front ;  but  with  the  concave  mirror  the  immediate  source — the 
point  from  which  the  light  seems  to  come  to  the  eye — is  a  small  inverted 
image  of  the  original  source  of  light,  formed  in  front  of  the  mirror. 

Hence,  with  the  plane  mirror,  if  the  light  in  the  pupil  appears  to  move 
with  the  mirror — with  the  light  on  the  face — the  surgeon  knows  that  the  point 
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of  reversal  is  not  l)etweon  liiiu  ami  the  patient.  But  when,  with  the  same 
mirror,  the  ai)parent  movement  of  light  in  the  ])npil  is  against  the  mirror — 
in  the  opposite  direetion  to  the  movement  of  light  on  the  face — he  knows  that 
the  point  of  reversal  is  between  him  and  the  patient — that  he  is  beyond  the 
point  of  reversal  and  looking  at  the  inverted  image.  On  the  other  hand, 
when  with  the  concave  mirror  the  light  in  the  pupil  ai)])ears  to  move  u-itli 
the  mirror — with  tiie  light  on  the  face — the  surgeon  knows  that  this  is  the 
op))osite  of  the  real  movement  of  light  on  the  patient's  retina,  and  that,  there- 
fore, he  is  watching  an  inverted  image.  But  if  Avith  the  concave  mirror  the 
light  in  the  pupil  ap])ears  to  move  against  the  mirror — against  the  light  on 
the  face — knowing  this  to  be  the  direction  of  the  real  movement  of  light  on 


Fig.  155.— Course  of  rays  in  skiascopy  with  conoaye  mirror:  A  A,  one  position  of  mirror  t^iyinf?  imme- 
diate source  of  liglit  at  I.  and  illuminating  retina  toward  a;  B  B,  another  position  of  mirror  with  imme- 
diate source  of  light  at  /',  and  retina  illuminated  toward  h. 

the  retina,  he  knows  he  is  watching  an  erect  image,  the  point  of  reversal  being 
somewhere  behind  him. 

Rate  of  Movement,  Form,  and  Brightness  of  the  Light-area. — Besides 
tlic  direction  of  the  movement  of  light  and  sliadow,  the  brightness  and  form 
and  rate  of  movement  of  the  illuminated  area  in  the  pupil  are  of  practical 
importance.  At  the  point  of  reversal  a  single  point  of  the  retina  appears  to 
occupy  the  whole  area  of  the  pupil.  As  the  point  of  reversal  is  departed 
from,  more  and  more  of  the  retina  is  seen  in  the  pupil.  Hence,  near  to  the 
point  of  reversal  a  slight  movement  of  the  light-area  on  the  retina  will  appear 
to  carry  the  light  entirely  across  the  pupil — the  light  and  shadow  move  in  the 
pupil  swiftly.  But  at  a  greater  distance  from  the  point  of  reversal  they  move 
slower. 

The  apparent  form  of  the  light-area  in  the  pupil  is  also  modified  by  the 
nearness  of  the  surgeon  to  the  point  of  reversal.  The  actual  form  of  the 
light-area  on  the  retina  is  commoidy  circular.  This  circle  appears  greatly 
magnified  when  the  surgeon  is  near  the  point  of  reversal,  and  only  a  small 
part  of  its  margin  can  be  seen  in  the  pupil  at  one  time,  the  boundary  between 
light  and  shade  appearing  almost  a  straight  line.  While  far  away  from  the 
point  of  reversal,  especially  if  the  surgeon  be  near  the  pupil,  the  whole  area 
o^  retinal  illumination  may  be  seen  in  the  pupil  as  a  complete  circle.  More 
important  still  in  determining  the  ap])arent  form  of  the  light-area  are  regular 
astigmatism,  aberration,  and  irregular  astigmatism,  to  be  presently  con- 
sidered. 

The  brightness  of  the  light-area  in  the  pupil  depends  on  the  concentration 
of  the  light  thrown  into  the  eye  and  the  extent  to  which  the  retina  is  magni- 
fied. The  immediate  source  of  light  being  commonly  near  the  mirror,  the 
light  is  most  concentrated  on  the  retina  when  the  mirror  is  held  near  the 
point  of  reversal.    But  just  at  the  point  of  reversal  the  magnification  of  the 
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retina  makes  the  illumination  appear  feeble,  so  that  the  brighest  area  of  light 
in  the  pupil  is  obtained  about  1  or  2  I),  from  the  point  of  reversal. 

Practical  Application  of  Skiascopy.— The  room  should  be  thor- 
oughly darkened,  and  the  source  of  light  shaded  with  an  opaque  chimney 
having  a  circular  opening  o})posite  the  brightest  i)art  of  the  flame. 

For  the  plane  mirror  the  source  of  light  should  be  so  arranged  that  it  can 
be  brought  quite  close  to  the  mirror  and  moved  with  the  mirror  to  or  from 
the  patient's  eye,  and  the  opening  in  the  shade  should  be  5  or  10  mm.  in 
diameter. 

For  the  concave  mirror  the  flame  is  to  be  back  of  the  patient's  head, 
generally  as  far  from  the  mirror  as  possible ;  and  if  a  shade  is  used,  the 
opening  should  be  10  to  20  mm.  in  diameter. 

When  not  otherwise  stated,  the  following  description  refers  to  skiascopy 
with  the  })lane  mirror.  It  may  be  applied  to  the  concave  mirror  by  reversing 
the  significance  of  the  direction  of  movement  of  the  light  in  the  pupil  : 

1.  Hyperopia. — Without  a  lens  the  light  moves  across  the  pupil  with  the 
light  on  the  face.  The  convex  lens,  L  (Fig.  153),  strong  enough  to  overcome 
the  hyperopia  and  to  give  a  point  of  reversal,  R,  is  placed  before  the  eye. 
The  surgeon,  then  varying  his  distance  from  the  patient's  eye,  tries  the  move- 
ment of  light  and  shadow  alternately  from  within  R,  where  the  movement  is 
wWi,  and  from  beyond  R,  where  the  movement  is  against,  the  light  on  the 
face.  The  position  of  the  point  of  reversal  is  thus  determined.  Its  distance 
from  the  patient's  eye  is  then  measured  or  estimated.  This  is  the  focal  dis- 
tance of  the  over-correcting  effect  of  the  lens  L,  which  over-correcting  effect^ 
subtracted  from  the  whole  strength  of  the  lens,  leaves  the  strength  required 
to  correct  the  hyperopia. 

Suppose  a  5  D.  convex  lens  placed  before  the  eye  gives  movement  with  the  light  on 
the  face  at  20  in.  (51  cm.),  and  against  the  light  on  the  face  at  30  in.  (76  cm.),  the  point 
of  reversal  taken  as  midway  is  at  about  the  focal  distance  of  a  1.5  diopter  lens ;  the 
over-correcting  effect  of  the  5  D.  lens  equals  5.  —  1.5  =  3.5  D. — the  strength  of  the  lens, 
required  to  correct  the  hyperopia. 

In  making  the  final  determination  of  the  refraction,  if  the  freedom  of  the 
eye  from  astigmatism  and  aberration  allows  the  movement  of  light  and  shadow 
to  be  easily  watched  at  a  greater  distance,  a  weaker  lens,  giving  a  point  of 
reversal  farther  from  the  eye,  may  be  used.  But  if  there  be  much  irregular 
astigmatism  or  aberration,  the  determination  (!an  be  more  correctly  made  with 
a  point  of  reversal  still  closer  to  the  eye. 

2.  3Tyopia. — From  the  myopic  eye  the  rays  emerge  already  convergent  to 
meet  in  a  point  of  reversal  that  can  be  determined  without  the  use  of  any 
lens,  except  in  myopia  of  very  low  degree.  Commonly,  however,  it  is  too 
close  to  the  eye  for  accuracy,  and  a  concave  lens  partly  correcting  the  myopia 
should  be  placed  before  the  eye,  and  the  remaining  myopia  measured  and 
added  to  the  strength  of  the  concave  lens  for  the  total  myopia. 

For  example,  in  a  case  of  myopia  of  10  D.,  a  concave  9  D.  lens  being  placed  before 
the  eye,  the  point  of  reversal  is  found  at  1  m.  This  corresponds  to  myopia  of  1  D., 
which,  added  to  9  D.,  the  strength  of  the  lens,  gives  10  D.,  the  total  myopia.  In  the  case 
of  very  low  myopia,  as  only  0.251).,  a  convex  1  D.  lens  is  placed  before  the  eye,  and  the 
point  of  reversal  found  in  this  case  at  31  in.  (78.5  cm.),  indicating  1.25  D.  of  myopia. 
From  this,  by  subtracting  1  D.,  the  strength  of  the  lens,  we  get  0.25  D.,  the  myopia 
originally  present. 

3.  Emmefropia  is  shown  when  the  convex  lens  placed  before  the  eye  gives 
a  point  of  reversal  just  at  its  focal  distance. 
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4.  Regular  Asti(/matism.—ln  regular  astigmatism  the  rays  coming  from 
the  retina  emerge  from  the  cornea  with  different  degrees  of  divergence  or 
convergence  in  different  meridians.  For  tlie  two  principal  meridians  there 
are,  therefore,  always  the  two  separate  points  of  reversal,  their  distance  apart 
indicating  tiie  amount  of  astigmatism. 

When  in  such  an  eye  a  point  of  reversal  is  found,  it  is  soon  discovered 
that  it  is  a  point  of  reversal  only  for  the  movement  in  one  direction.  The 

surgeon's  eye,  placed  at  this  point,  sees  the  retina 
mairnitied  enormously  in  the  direction  of  the  one 
meridian,  and  magnified  much  less  m  the  other  prm- 
eli)al  meridian.  This  makes  the  light-area  in  the 
pupil  ai)p('ar  elongated  in  the  direction  of  the  first 
meridian,  giving  it  a  baud-like  appearance,  shown  in 
Fig.  loG. 

To  make  this  band-like  appearance  most  distinct, 

the  immediate  source  of  light  should  be  at  the  ])()int 

of  reversal  for  the  other  meridian.    With  the  ])lane 

Fig.  i56.-Band-iike  appear-  mirror  the  surircou  must  placc  his  cvc  at  the  lK)int 
ance  m  shadow  test.  o  a      ,  i  mi 

of  reversal  nearest  the  eye,  where  he  will  get  move- 
ment uudistinguishable  in  one  meridian,  and  with  the  light  on  the  face  in  the 
other.  The  original  source  of  light  is  then  to  be  pushed  away  from  the 
mirror,  its  reflection  (the  immediate  source)  retreating  correspondingly  behind 
the  mirror  until  it  reaches  the  point  of  reversal  for  the  other  ])rincij)al 
meridian.  The  direction  of  the  band-like  appearance  is  to  be  carefully  noted 
as  the  direction  of  the  principal  meridian  of  greatest  refraction — the  direction 
for  the  axis  of  a  convex  cylinder  that  would  correct  the  astigmatism.  The 
direction  of  the  other  principal  meridian,  the  direction  for  the  axis  of  a  con- 
cave cylinder  to  correct  the  astigmatism,  will  be  at  right  angles  to  this. 

With  the  concave  mirror  the  surgeon's  eye  should  be  ]>laced  at  the  point 
of  reversal  that  is  the  farthest  from  the  eye  and  the  original  source  of  light 
brought  closely  to  the  mirror,  causing  its  conjugate  image  (the  immediate 
source  of  light)  to  go  farther  from  the  mirror  and  closer  to  the  patient's  eye, 
until  it  reaches  the  nearer  ]K)iiit  of  reversal,  and  the  band-like  appearance 
appears  most  distinct  in  the  meridian  of  least  refraction.  In  this  position 
the  band  cannot  be  seen  to  move  in  the  direction  of  its  length,  but  at  right 
angles  it  also  moves  ivith  the  light  on  the  face. 

Having  determined  the  direction  of  the  principal  meridians  of  astigmatism, 
the  hyperopia  or  myopia  in  each  is  to  be  measured  separately,  just  as  hvper- 
■opia  or  my()j)ia  would  be  measured  in  any  other  case,  with  the  light  as  near 
the  plane  mirror  as  possible  or  as  far  away  as  convenient  from  the  concave 
mirror.  The  difference  of  refraction  between  the  two  meridians  is  the 
amount  of  astigmatism.  When  it  has  been  determined,  a  cylindrical  lens 
<!orrecting  it  should  be  })laced  with  the  proper  spherical  lens  before  the  eye, 
and  the  test  a])jilied  to  ascertain  if  the  correction  is  really  complete. 

Aberration. — In  most  eyes  the  refraction  at  the  edge  of  the  dilated  pujnl 
is  more  myopic  or  less  hyperopic  than  at  the  center.  In  this  form,  called 
positive  aberration,  the  point  of  reversal  for  the  edge  of  the  pupil  is  nearer 
the  eye  than  the  point  of  reversal  for  the  center,  and  from  the  latter  point 
movement  of  light  agaimt  the  light  on  the  face  is  to  be  noticed  in  the  edge 
of  the  pupil.  This  light  in  the  edge  is  brighter  than  the  light  at  the  center 
of  the  pupil,  and  great  care  must  be  taken  to  avoid  error  on  this  account. 
When  the  center  of  the  pupil  is  the  more  myopic  it  is  called  negative  aberra- 
iion.    The  circular  distribution  of  aberration  largely  determines  the  shape  of 
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light  and  shadow  in  the  pupil,  making  it  more  circular  when  otherwise  it 
would  be  of  ditterent  shape,  as  in  regular  astigmatism. 

When  aberration  is  present  the  point  of  reversal  for  the  margin  of  the 
pupil  may  be  close  to  the  surgeon's  eye,  while  the  point  of  reversal  for  the 
center  is  far  from  it.  In  this  case  the  movement  of 
the  light  in  the  center  of  the  pupil  will  be  slow,  while 
in  the  margin  it  will  be  swift.  The  light-area  then 
appears  to  swing  around  a  fixed  center,  and  assumes 
an  angular  shape,  shown  in  Fig.  157.  This  is  the 
appearance  presented  in  conical  cornea  where  the  cen- 
ter of  the  pupil  is  more  myopic  than  the  margin. 

Irregular  Astigmatism. — The  differences  of  re- 
fraction due  to  the  lens-changes  preceding  cataract, 
•or  the  irregularities  of  the  cornea  following  j)hlycten- 
ular  keratitis,  break  ui)  the  lip-ht  and  shadow  in  the    ^ig.  ir.T.-Anguiar  appear- 

.1    .    ,  11    •  1  ri-,1  aiice  in  m^\\  aberration. 

pupil  into  small  irregular  areas.     I  he  surgeon  must 

find  which  of  these  areas  is  most  likely  to  be  of  use  for  eye-work,  and  measure 
the  refraction  in  it.  To  do  this  it  may  be  necessary,  on  account  of  the  small- 
ness  of  the  area,  to  come  quite  close  to  the  patient's  eye.  Here  a  small  source 
of  light  and  a  small  sight-hole  in  the  mirror  are  of  great  importance. 

Subjective  Methods  of  Testing  Refraction. — To  determine  what 
lens  is  required  to  bring  perfectly  to  a  focus  the  rays  entering  the  eye  we  may 
resort  to  tests  based  upon  a  single  point  of  light.  Thomson's  ametrometer 
consists  of  two  small  gas-flames,  one  fixed  and  the  other  movable  along  a 
graduated  arm,  which  can  be  revolved  about  the  first  as  a  center.  The  dis- 
tance of  the  two  flames  apart  when  their  diffusion-areas  appear  to  just  touch 
each  other  gives  the  degree  of  ametropia  in  the  meridian  parallel  to  the  grad- 
uated arm.  Hotz  uses  two  small  holes  in  a  disk  placed  in  front  of  a  window 
or  lamp-flame.  To  the  patient  having  astigmatism  each  of  the  points  of  light 
so  obtained  appears  elongated,  and  by  turning  the  disk  so  that  these  elongated 
images  lie  in  the  same  line,  an  index  enables  the  surgeon  to  read  off  the  direc- 
tion of  the  principal  meridians  of  astigmatism. 

The  simple  optometer  consists  essentially  of  a  convex  lens  which  is  placed 
close  to  the  eye,  and  a  graduated  arm  extending  from  it  on  which  moves  a 
card  bearing  test-ty])e.  In  emraetropia  the  type  can  be  seen  distinctly  only 
as  far  as  the  focal  distance  of  the  lens.  In  hyperopia  it  is  read  to  a  greater 
distance,  and  in  myopia  only  to  a  lesser  distance,  corresponding  to  the  degree 
of  the  ametropia. 

Either  of  the  above  subjective  methods  may  be  found  of  service  where 
others  are  not  available ;  but  they  are  not  commonly  used,  and  by  the  sub- 
jective method  of  determining  refraction  is  commonly  meant  the  method 
with  trial-lenses  and  test-letters. 

The  t/'i<t/  caftr  contains  a  sufficient  series  of  spherical  and  cylindrical 
lenses,  with  trial-frames  in  which  they  can  be  placed  before  the  eye,  prisms, 
solid,  pin-hole,  and  slit  disks,  and  colored  glasses.  By  combining  two  or 
more  lenses  together  a  very  few  convex  and  concave  lenses  can  be  made  to 
answer  for  any  case  of  ametropia,  but  where  many  cases  are  to  be  tested  con- 
venience and  economy  of  time  demand  a  fairly  complete  set  of  lenses.  This 
may  include  jxiirs  of  convex  and  concave  lenses,  with  0.12  D.  intervals  to 
1.5  D.,  0.25  D.  intervals  to  4  D.,  and  0.50  D.  intervals  to  8  D.,  for  both 
sphericals  and  cylindrical.  Tlien  for  the  sphericals,  1  D.  intervals  to  20  D., 
with,  perhaps,  25  D.  and  30  I),  added.  The  prisms  may  run  by  1-centrad 
intervals  to  10,  with  the  12,  15,  20,  and  30  centrad  prisms  in  addition. 
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To  use  tlie  trial-lenses,  test-letters  suiterl  to  the  distance  adopted  are  to  be 
hung  in  a  strong  light,  either  natural  or  artificial,  the  latter  being  i3referal)le 
because  it  can  be  made  more  uniform.  The  test-card  should  always  have  one 
or  two  lines  of  letters  smaller  than  those  intended  to  be  read  at  the  distance 
adopted.    Thus  for  G  m.  there  should  be  a  line  of  5-m.  letters.    Some  pa- 

tients  liave  visual  acuteness  greater  tlian  ^. 

Use  of  the  Trial  Case. — The  pin-hole  dink  furnishes  a  ready  means  of 
distinguishing  between  imperfect  vision  due  to  ametropia  and  imperfect  vision 
due  to  other  causes.  In  the  former  case  tiie  ])lacing  tiie  pin-hole  opening 
before  the  eve  lessens  the  diffusion-areas  upon  the  retina  and  improves  vis- 
ion ;  if  the  imperfection  of  vision  is  not  due  to  ametropia,  the  pin-hole  disk 
rather  makes  it  worse. 

The  slit  is  used  in  discovering  astigmatism  of  moderate  or  high  degree 
and  tlie  direction  of  its  principal  meridians.  In  astigmatism  the  diffusion- 
areas  on  the  retina  are  wider  in  the  direction  of  one  principal  meridian  than 
in  tlie  direction  of  the  other.  Tlie  slit  limits  tliem  at  right  angles  to  its 
length,  but  not  in  the  direction  of  its  length.  When,  therefore,  it  is  placed 
before  the  eye,  turned  in  one  direction,  it  cuts  down  the  diffusion-area  in  its 
larger  dimension,  giving  the  greatest  improvement  of  vision.  At  right  angles 
to  this  it  limits  the  diffusion-area  in  the  other  direction,  in  which  it  is  already 
most  limited,  and  gives  the  least  improvement  of  vision.  These  directions 
of  the  principal  meridians  of  the  astigmatism  being  found,  the  slit  may  be 
turned  in  the  direction  of  one  meridian  and  splierical  lenses  tried  until  one  is 
found  correcting  the  ametropia  in  this  meridian,  and  giving  the  best  vision 
obtainable  through  the  slit.  The  same  is  done  for  the  otlier  meridian,  and  in 
this  way  the  correcting  lenses,  both  spherical  and  cylindrical,  may  be  deter- 
mined.   This  test  has  practical  value  as  an  ap])roximate  and  confirmatory  test. 

In  the  onlimiry  use  of  test-lenscs  each  eye  is  tested  sejiarately,  the  other 
being  covered  by  a  solid  disk  or  ground  glass.  When  accommodation  is 
absent  the  aim  is  to  find  the  lenses  which  give  the  best  vision.  Some  idea 
of  the  ametropia  is  given  by  previous  objective  tests  and  the  acuteness  of  vision 
witiiout  a  lens.  The  concave  or  convex  lens  expected  to  correct  it  approxi- 
mately is  placed  before;  the  eye  and  tlie  vision  with  it  noted.  Then  ^veak 
additional  convex  or  concave  lenses  are  held  in  the  hand  in  front  of  this, 
trying  first  the  one,  then  the  other.  If  the  first  lens  has  been  convex,  and 
the  additional  convex  spherical  further  improves  vision,  a  convex  lens  cor- 
res])ondingly  stronger  is  substituted.  The  trial  is  then  repeated,  and  this  is 
continued  until  a  lens  is  found  which  can  neither  be  increased  nor  diminished 
in  strength  without  lessening  the  acuteness  of  vision. 

If  the  eye  is  free  from  astigmatism,  this  is  the  lens  desired  ;  but  to  test 
such  freedom  from  astigmatism  cylindrical  lenses  should  be  tried.  The 
cylindrical  lens  is  to  be  held  in  front  of  the  spherical  lens  selected,  and  its 
axis  turned  in  different  directions,  as  vertic^al,  horizontal,  and  oblique  to  the 
right  and  to  the  left.  For  this  purpose  the  astigmatic  lens,  convex  in  one 
meridian  and  equally  concave  in  the  meridian  perpendicular  thereto,  is  prefer- 
able to  either  the  convex  or  concave  cylinder.  Such  astigmatic  lenses  should 
be  included  in  the  trial  case. 

Having  ascertained  that  in  some  one  direction  the  cylindrical  lens  im- 
proves vision,  such  a  lens  is  to  be  placed  in  the  trial-frame,  either  with  the 
spherical  lens  already  there  or  with  one  slightly  weaker  if  the  cylindrical  lens 
is  of  the  same  kind,  or  a  slightly  stronger  if  the  cylinder  is  of  the  opposite 
kind.    Thus,  if  the  original  spherical  lens  was  +  2  D.,  and  +  1  D.  is  the 
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cylinder  to  be  combined  with  it,  tlie  spherical  should  be  changed  to  +  1.5  I). 
If  it  is  preferred  to  use  a  —  ID.  cylinder,  the  spherical  lens  should  be 
changed  to  +  2.5  D.  After  this  the  cylinder  is  to  be  slightly  turned,  first  to 
one  side  and  then  to  tiie  other,  the  patient  being  required  to  indicate  when 
the  turning  makes  his  vision  ^vorse.  This  is  repeated  until  it  is  pretty  cer- 
tain just  what  direction  of  the  cylinder-axis  gives  the  best  vision.  Then 
weak  conyex  and  concave  spherical  lenses  are  to  be  tried  in  front  of  the 
combined  spherical  and  cylindrical  lenses,  to  see  if  either  will  still  further 
improve  the  vision,  and  these  are  followed  with  the  astigmatic  lens  and  a  new 
trial  of  the  direction  for  the  axis.  This  routine  is  to  be  repeated  until  any 
change  in  any  factor  of  the  combination  impairs  the  acuteness  of  vision. 

The  combination  thus  arrived  at  is  the  correcting  lens  of  the  eye  for  the 
distance  at  which  the  test  is  made.  If  this  distance  be  4  or  6  m.,  0.25  or 
0.17  D.  must  be  subtracted  from  the  convex  or  added  to  the  concave  spherical 
lens  to  make  it  the  perfect  correction  for  truly  parallel  rays  from  more  dis- 
tant objects.    The  same  process  is  repeated  for  the  second  eye. 

When  the  power  of  accommodation  is  present,  the  aim  must  be  to  find  the 
strongest  convex  or  the  weakest  concave  spherical  lens  that  gives  the  best 
vision.  Cylindrical  lenses  will  be  tried  as  above,  preferably  before  attempt- 
ing the  final  determination  Avith  the  spherical  lens.  The  determination  of 
the  spherical  lens  is  best  effected  by  testing  both  eyes  at  once  and  beginning 
with  convex  lenses  that  are  too  strong  or  concave  lenses  that  are  too  weak 
to  permit  of  the  best  vision.  Then,  if  convex,  before  removing  such  glasses 
the  next  weaker  lenses  should  be  placed  before  the  eyes.  In  this  way  what- 
ever relaxation  of  accommodation  has  been  secured  under  the  first  lenses  is 
preserved.  If  vision  is  yet  not  perfect,  a  still  weaker  lens  is  substituted  in 
the  same  way,  and  so  on  until  the  best  vision  of  which  both  eyes  are  capable 
is  obtained. 

The  eyes  are  then  to  be  tested  separately  by  covering  each  of  them  alter- 
nately. If  it  is  found  that  only  one  eye  has  attained  to  its  best  vision,  the 
lens  before  the  other  eye  is  to  be  still  further  weakened  until  it,  too,  has 
obtained  its  best  vision.  The  lenses  thus  chosen  will  be  found  to  correct  the 
total  hyperopia  in  the  majority  of  even  young  persons. 

In  myopia  the  spherical  lenses  are  to  be  made  successively  stronger,  and 
when  the  best  vision  is  obtained  the  eyes  are  to  be  tested  separately  by  alter- 
nate covering. 

MYDRIATICS. 

The  drugs  atropin,  duboisin,  hyoscyamin,  hyoscin,  daturin,  and  scopol- 
amin,  alkaloids  obtained  from  members  of  the  SolanaccEe,  and  homatro- 
pin,  a  derivative  of  atropin,  constitute  the  true  mydriatics.  Applied  to  the 
eye,  they  produce  dilatation  of  the  pupil  and  paralysis  of  the  accommoda- 
tion, which  after  a  time,  varying  with  the  drug  and  the  amount  of  it  em- 
ployed, entirely  passes  away.  In  some  cases  the  dilatation  of  the  jmpil  is  of 
use  in  the  determination  of  refraction,  since  it  renders  easier  the  use  of  the 
ophthalmoscope,  skiascopy,  and  the  test-lenses.  But  the  chief  value  of  these 
drugs  in  this  connection  lies  in  their  action  as  cycloplegics.  By  paralyzing 
the  ciliary  muscle  they  eliminate  the  influence  of  accommodation. 

In  healthy  eyes  a  single  drop  of  one  of  the  following  solutions  is  usu- 
ally sufficient  to  accomplish  this:  atropin,  1  :  100,  duboisin,  hyoscyamin,  or 
scopolamin,  1  :  250.  Of  homatropin  hydrobromate  a  single  drop  of  even  a 
saturated  solution  will  not  jiaralyze  the  accommodation.  It  must  be  used  by 
repeated  instillations  of  a  2  to  4  per  cent,  solution  at  short  intervals.  Any 
of  the  other  drugs  will  ])rove  effective  in  weaker  solutions  if  the  instillations 
14 


210       DETER3IINING  THE  REFRACTION  OF  THE  EYE. 


are  repeated.  In  practice  it  is  customary  to  i)rescribe  either  atropin,  dubois- 
in,  or  hyoscyaiiiin  in  solutions  of  tlie  strength  named,  to  be  instilled  at  the 
patient's  home  three  times  a  day  for  one  or  more  days.  The  repeated  instil- 
lations are  necessary  to  guard  against  their  possibly  imperfect  character. 

Homatropin  should  be  instilled  by  the  surgeon  or  a  trained  assistant,  and 
the  instillations  repeated  every  tive  or  ten  minutes  until  from  four  to  six  have 
been  made  ;  and  after  its  use  the  determination  of  the  refraction  should  be 
completed  within  one  or  two  hours,  as  it  often  begins  to  lose  its  control  of 
the  ciliary  muscle  soon  after  that  time. 

In  the  choice  of  the  mydriatic  homatropin  has  the  advantage  of  greater 
brevity  of  action.  The  accommodation  completely  recovers  from  its  effect, 
usually  within  forty-eight  hours,  while  after  atropin  two  or  three  weeks  are 
required  before  it  is  quite  recovered,  and  after  the  use  of  the  other  drugs 
named  from  one  to  two  weeks  must  elapse.  Scopolamin,  1  :  500,  is  an  effi- 
cient mydriatic,  used  by  making  two  instillations  one  hour  apart.  Accommo- 
dation will  completely  return  in  six  days.  Even  weaker  solutions  may  be 
efficacious. 

In  using  these  drugs  certain  alarming  intoxicating  effects  must  be  borne 
in  mind.  While  in  the  amount  mentioned  most  people  do  not  experience 
these,  in  exceptional  cases  a  single  drop  of  one  of  the  solutions  mentioned, 
except  of  homatropin,  may  cause  severe  symptoms  of  intoxication.  These 
are — dryness  and  redness  of  the  throat  and  skin,  with  delirium  and  inco- 
ordination of  movement,  especially  inability  to  walk.  The  patient  is  not 
usually  much  disturbed,  but  his  friends  may  be  greatly  alarmed,  although 
from  any  such  dose  these  symptoms  are  quite  unattended  by  danger.  On 
their  appearance  the  use  of  the  drug  must  be  suspended,  the  patient  kept 
quiet,  given  water  freely,  and,  if  decidedly  delirious,  small  doses  of  an 
opiate. 

Homatropin  is  much  the  least  likely  to  produce  such  symptoms,  and 
duboisin,  hyoscyamin,  and  scopolamin  (which  may  be  but  different  names 
for  the  same  drug)  are  the  most  likely  to  produce  them.  In  the  eyes  of  a 
few  persons  these  mydriatics  produce  marked  conjunctival  irritation  or  in- 
flammation, and  the  homatropin  solutions  mentioned  always  produce  a  tem- 
porary hyperemia  of  the  conjunctival  and  pericorneal  vessels  during  the 
period  of  absorption. 

Cocain,  a  drug  of  an  entirely  different  class,  possessing  little  or  no  power 
to  paralyze  the  ciliary  muscle,  may  be  useful  to  dilate  the  pupil  in  persons 
over  fifty  years  of  age  whose  pupils  are  small  and  whose  power  of  accommo- 
dation is  not  sufficient  to  interfere  with  tests  for  refraction.  A  single  instilla- 
tion of  a  2  per  cent,  solution  is  followed  after  thirty  minutes  or  an  hour  by 
decided  enlargement  of  the  pupil,  yet  with  very  little  inconvenience  and  no 
danger. 

All  drugs  which  cause  dilatation  of  the  pupil,  except  cocain,  are  danger- 
ous in  eyes  presenting  the  essential  changes  of  glaucoma,  since  they  may  pro- 
duce a  glaucomatous  outbreak.  But  if  such  a  revelation  of  the  presence  of 
glaucoma  is  promptly  met  by  the  proper  treatment,  it  can  hardly  be  regarded 
as  unfortunate  for  the  patient.  No  eye  in  which  this  accident  can  occur  is 
likely  long  to  escape  glaucoma,  and  without  the  mydriatic  the  advent  of  this 
disease  might  be  so  insidious  as  to  escaj^e  detection  until  irreparable  damage 
had  been  done. 

Whether  mydriatics  should  be  used  in  the  great  mass  of  refraction  cases 
is  a  debated  question.  That  with  their  use  the  determination  of  refraction 
can  be  more  certainly  exact  cannot  be  doubted.    The  question  is  as  to 
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whether  the  increased  certainty  and  accuracy  are  worth  the  discomfort  and 
loss  of  time  from  ordinary  occupations  that  the  mydriatic  causes.  In  deciding 
this  question  the  desires  of  the  patient  and  the  appreciation  of  exactness  in 
his  work  on  the  part  of  the  surgeon  will  be  the  determining  factors. 


Table  of  the  Different  3IydnatiGS. 


Name  of  drug  and  salt  com- 
monly used. 


Atropin  sulphate  .... 
Daturin  sulphate  .... 
Hyoscyamin  sulphate  .  . 
Duboisin  sulphate  .... 
Scopolamin  hydrochl orate 
Homatrojjin  hydrobromate. 

Cocain  hydrochlorate  . 


Relative  power 
in  s  0 1  u  t  i  0  n  s 
containing  the 
same  amount. 

Strength  of  solu- 
tion commonly 
used. 

Time  in  which 
such  solutions 
produce  a  no- 
ticeable effect. 

Beginning  of 
maximum  ef- 
fect. 

Effect  begins  to 
decline. 

Recovery  com- 
plete. 

30 

1: 

120 

12 

mill. 

1  hour. 

4  days. 

15  days. 

60 

1: 

200 

10 

n 

40  mill. 

3  " 

10  " 

75 

1  : 

240 

10 

( ( 

40  " 

2  " 

8  " 

75 

1  : 

240 

10 

u 

40  " 

2  " 

8  " 

75 

1  : 

1000 

15 

I  i 

1  hour. 

12  hours. 

6  " 

1 

1: 

40 

15 

11 

1  " 

3  " 

2  " 

Not  com- 1 
parable.  ) 

1  : 

125 

30 

I  i 

1  " 

2  " 

12  hours. 

With  cocain  the  anesthetic  eflPect  passes  off  before  dilatation  of  the  pupil 
is  fairly  commenced.  The  new  local  anesthetic,  eucain,  is  usually  regarded 
as  having  no  mydriatic  effect,  but  Wagenmann  states  that,  by  a  strong  solu- 
tion repeatedly  applied,  some  dilatation  of  the  pupil  may  be  produced. 


GENERAL  PLAN  OF  EXAMINATION. 

The  acuteness  of  vision  for  each  eye  separately,  and  the  near  point  of 
distinct  vision,  should  be  first  ascertained.  If  vision  be  imperfect,  the  pin- 
hole disk  may  be  tried  to  see  if  such  imperfection  is  due  to  ametropia  or  to 
other  causes.  Then  the  eye  should  be  examined  with  the  ophthalmoscope  by 
the  direct  method.  This  gives  a  rough  approximation  of  the  refraction, 
especially  as  regards  hyperopia  or  myopia.  After  this  skiascopy  may  be 
used  or  a  mydriatic  employed.  Then  the  corneal  astigmatism  may  be 
measured  with  the  ophthalmometer. 

When  the  mydriatic  has  j)roduced  its  full  effect,  the  refraction  is  to  be 
carefully  measured  by  skiascopy,  and  then  to  be  tested  by  the  trial-lenses, 
commencing  with  the  glass  fixed  upon  by  the  shadow-test.  The  value  of  the 
results  obtained  by  the  subjective  method  depends  largely  on  the  patient  not 
being  wearied  by  prolonged  testing. 

After  the  correcting  lenses  have  been  thus  ascertained,  the  eye  should  be 
allowed  to  recover  from  the  mydriatic  and  the  trial  with  lenses  repeated. 
Such  a  routine,  carefully  followed  by  one  of  fair  skill,  cannot  fail  to  give 
accurate  and  reliable  results. 


NORMAL  AND  ABNORMAL  REFRACTION: 

EMMETROPIA,  AMETROPIA,  HYPEROPIA,  MYOPIA,  ASTIG- 
MATISM, PRESBYOPIA. 

By  EDWARD  JACKSON,  A.M.,  M.D., 

OF  PHILADELPHIA. 


Distinct  vision,  by  which  the  exi,stence  and  position  of  different  objects 
are  recognized,  as  contrasted  with  mere  perception  of  light,  depends  on  the 
assorting  or  focussing  of  tiie  light  that  falls  on  the  retina.  Imperfect  focus- 
sing of  this  light  causes  imperfect  vision.  To  avoid  this  the  accommodation 
may  be  strongly  exerted,  contraction  of  the  pupil  secured  by  a  bright  light, 
or  the  space  between  the  lids  narrowed.  But  efforts  of  this  kind  to  improve 
vision,  if  frequently  or  constantly  resorted  to,  are  liable  to  exhaust  the  en- 
durance of  the  nervous  svstem  or  disturb  the  nutrition  of  the  eyeball  and  its 
appendages. 

Errors  of  refraction  lead  either  to  imperfect  vision  or  to  eye-strain. 
They  may  lead  to  both,  but  generally,  in  so  far  as  the  vision  is  imperfect, 
there  has  not  been  eye-strain,  and  in  so  far  as  there  has  been  eye-strain  the 
imperfection  of  vision  has  been  partly  overcome.  If  the  defect  be  great,  the 
})art  of  it  overcome  may  cause  eye-strain,  while  beyond  this  some  remains  to 
render  the  vision  still  imperfect. 

Normal  and  Abnormal  Refraction:  Bmmetropia  and  Ame- 
tropia.— Refraction  may  be  regarded  as  normal  when  it  gives,  under  the 
requirements  to  which  the  eyes  are  subjected,  distinct  vision  w^ithout  injurious 
effort.  It  is,  for  practical  purposes,  abnormal  when  distinct  vision  is  pre- 
vented by  imperfect  focussing  of  light  on  the  retina  or  is  obtained  only  by 
excessive  effort — by  eye-strain. 

In  emmetropia  light  from  distant  objects  (parallel  rays)  is  accurately 
focussed  on  the  retina  without  accommodative  effort.  Any  departure  from 
this  optical  condition  of  the  eye  constitutes  ametropia.  J^mmetropia  is  the 
ideal  state  of  refra(;tion.  In  it  not  only  are  rays  from  distant  objects  }>er- 
fectly  focussed  without  effort,  but  rays  from  near  objects  are  focussed  upon 
the  retina  with  the  minimum  exertion  of  accommodation  ;  not  only  are  distant 
objects  seen  distinctly,  but  the  full  extent  of  the  accommodation  is  available 
for  the  distinct  seeing  of  near  objects.  It  is  true  that  the  myopic  eye  mav  be 
able  to  see  objects  still  nearer  to  the  eye,  but  the  gain  of  a  very  few  inches  or 
a  fraction  of  an  inch  of  distinct  near  vision  is  more  than  balanced  by  the 
loss  of  distinct  vision  for  everything  beyond  a  certain  very  limited  distance  ; 
and  the  gain  in  lessened  accommodation  required  for  near  objects  is  more 
than  balanced  by  loss  through  the  increased  need  for  convergence.  Careful 
examination  of  large  numbers  of  eyes,  particularly  among  school-children, 
shows  that  the  actual  experience  of  life  fully  supports  the  theoretical  advantage 
of  emmetropia. 

The  same  observations  show  that  exact  emmetropia  is  comparatively  rare. 
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The  writer  amon^  4000  eyes  found  the  f()lk)wing  proportions  of  ametropia 
of  ditlerent  kinds,  and  of  emmetropia  : 

Frequency  of  Ametropia. 

Compound  hyperopic  astigmatism   1610  eyes,  or  40.2  per  cent. 

Hyperopia   1225  30.6  " 

Compound  myopic  astigmatism   3()1  "  9.  " 

Mixed  astigmatism   267  "  6.7  " 

Simple  hyperopic  astigmatism   249  "  6.2  " 

Myopia   158  "  5.  " 

Simple  myopic  astigmatism   79  "  2.  " 

Emmetropia   51  "  1.3  " 

It  may  be  asked,  If  emmetropia  is  the  ideal  state  of  refraetion,  why  is  it 
so  rarely  found  ?  The  answer  is  that  the  shape  of  tlie  eye  results  from  pro- 
cesses of  growth  resisting  intraocular  pressure,  and  cannot  be  a  rigid,  definite, 
mathematical  form.  The  ideal  form  for  any  part  of  the  body,  and  the  ideal 
of  proportion  between  ditlerent  parts,  are  never  found  in  life.  The  deviations 
of  the  eye  are  insignificant  compared  with  the  deviations  of  the  other  organ.s, 
but  sufficient  to  cause  errors  of  refraction  of  practical  importance  in  a  very  large 
proportion  of  eyes.  The  study  above  referred  to  indicates  that  the  largest 
number  of  eyes  have  low  hyperopia  ;  62  per  cent,  show  hyperopia  of  1.5  I), 
or  less,  including  hyperopic  astigmatism.  The  eye  has  been  evolved  to  meet 
the  requirements  of  life  among  the  lower  animals  and  savages,  for  whom 
myopia,  even  of  low  degree,  would  be  a  very  dangerous  defect.  Deviation 
of  the  eye  in  that  direction  caused  the  extinction  of  individuals  and  families. 
The  requirements  of  modern  civilized  life,  however,  ra2)idly  extend  in  the 
direction  of  near  eye-work,  so  that  hyperopia  becomes  a  serious  defect.  Even 
the  emmetropic  eye  may  be  unable  to  meet  the  requirements  of  close  work  ; 
and  as  the  power  of  accommodation  diminishes  with  age,  it  loses  the  power 
of  distinct  vision  at  short  distances,  requiring  ojjtical  assistance  in  all  cases 
{presbyopia). 

Kye-strain. — The  symptoms  arising  from  excessive  efforts  to  prevent 
indistinctness  of  vision  may  be  considered  under  this  head.  They  are  largely 
the  same  in  different  forms  of  ametropia,  and  may  also  arise  from  excessive 
eye-work,  insufficient  light,  or  other  unfavorable  conditions,  even  though  the 
eyes  be  emmetropic.  Eye-strain  is  caused  by  excessive  use  of  the  accommo- 
dation, from  too  long  hours  of  close  work,  or  by  looking  at  small  objects 
brought  too  near  the  eye  ;  or  because  of  deficient  vision,  or  in  making  good 
the  defect  of  hyperopic  eyes;  or  by  ordinary  near  work  after  the  acconmioda- 
tion  has  diminished  with  age  {j)resl)ynpi(i).  It  may  also  arise  from  excessive 
efforts  to  keep  the  eyes  properly  directed,  as  of  convergence  where  objects 
have  to  be  brought  too  close  on  account  of  uncorrected  myopia,  or  from  the 
effort  of  accurately  co-orditiating  muscular  movements,  as  those  of  accommo- 
dation and  convergence.  It  may  come  by  exhaustion  of  the  visual  centers 
in  the  effort  to  appreciate  blurred  and  imperfect  retinal  images,  or  it  may  be 
due  to  the  use  of  eyes  otherwise  normal  at  a  time  when  the  general  nutrition 
is  impaired  by  wasting  disea.se  or  exhaustion  by  effort  in  other  directions. 

Eye-strain  may  be  manifested  by  failure  of  near  vision  after  use  of  the 
eyes  {relaxed  accommodation)  or  by  temporary  blurring  of  distant  vision 
{spasm  of  accommodation)  ;  by  changes  in  the  retina — swelling  and  oi)acity, 
with  dilatation  of  the  retinal  vessels  and  exaggerated  reflexes  ;  by  changes  in 
the  optic  nerve — redness,  haziness,  or  opacity  or  swelling  of  the  nerve-head  ; 
by  changes  in  the  choroid,  including  increased  redness,  or  alteration  of  color 
by  edema  or  atrophy  ;  and,  secondary  to  the  changes  in  the  choroid,  by  opaci- 
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ties  in  the  vitreous  and  the  crystalline  lens,  and  softening  of  the  sclera  with 
local  bulging  [posterio?'  stapliijlomd). 

The  progressive  ciianges  in  refraction,  to  be  discussed  under  Myopia,  are 
also  symptoms  of  eye-strain.  Acute  or  chronic  conjunctivitis  may  arise  from 
the  same  cause.  This  may  amount  to  a  slight  exaggeration  of  the  irritation 
felt  when  the  eyes  are  tired,  or  it  may  develop  into  a  chronic  catarrhal  (!on- 
junctivitis,  practically  incurable  even  by  removal  of  the  original  cause. 
When  the  conjunctivitis  is  severe,  corneal  disease  may  be  associated  with  it, 
and  if  chronic  it  is  apt  to  be  attended  with  changes  in  the  lids,  marginal 
blepharitis,  styes,  etc.  Eczema  of  the  lids  and  neighboring  parts  lias  also 
been  ascribed  to  eye-strain  and  relieved  by  wearing  glasses. 

The  symptoms  manifested  outside  of  the  eye  and  its  appendages  are — 

Headache. — Tliis  is  often  spoken  of  as  reflex,  but  is  better  regarded  as 
due  to  nerve-exhaustion.  It  is  commonly  frontal,  in  some  cases  extending  to 
the  occiput  or  throughout  the  whole  head.  Sometimes  it  is  strictly  limited 
to  one  side — hemicrania.  It  may  l)e  directly  associated  Avith  the  use  of  the 
eyes,  or  be  apparently  constant,  or  may  occur  at  certain  times,  apparently  not 
determined  by  any  particular  eye-work,  and  yet  in  the  latter  case  may  be  as 
completely  cured  by  the  careful  relief  of  eye-strain  as  when  more  evidently 
connected  with  eye-work.  The  headache  of  eye-strain  is  not  sid  generia.  It 
has  the  same  characters  as  headache  arising  from  entirely  different  causes. 
In  many  instances  it  is  partly  due  to  eye-strain  and  partly  to  the  other 
causes.  If  the  other  causes  can  be  discovered  and  removed,  it  may  be  cured 
without  the  wearing  of  glasses  or  any  reduction  in  eye-work.  More  fre- 
quently it  is  cured  by  the  correction  of  ametropia  or  faulty  habits  of  using 
the  eyes.  Sometimes,  when  removal  of  one  factor  has  given  temporarv  relief 
but  the  headache  returns,  the  discovery  and  removal  of  the  other  factor  may 
be  necessary  to  make  the  reli(!f  permanent. 

Neuralgic  pains  in  other  portions  of  the  body  or  attacks  of  migraine  may 
arise  from  eye-strain.  Anorexia,  nausea,  vomiting,  palpitation  of  the  heart, 
and  similar  disturbances  may  be  due  to  eye-strain.  Nervousness,  whicih  the 
patient  speaks  of  as  an  intolerable  desire  to  cry  out  or  do  some  violent  act, 
inability  to  keep  (piiet  after  prolonged  eye-work,  peevishness  and  irritability 
of  temper,  are  among  its  manifestations.  For  the  rarer  forms  of  disturbance 
the  therapeutic  test  by  relief  from  the  strain  will  be  necessary  to  establish  the 
diagnosis.  Eye-strain  may  cause  certain  motor  disturbances,  as  twitching  of 
the  lids,  tonic  blepharosj)asm,  and  in  rare  cases  choreiform  movements  or 
epileptiform  seizures,  or  it  may  be  the  most  substantial  cause  of  hysterical 
manifestations.  With  these,  as  with  headache,  eye-strain  is  usually  but  one 
of  two  or  more  factors. 

Hyperopia. — Hyperojna,  Hypermetrojjia,  or  Far-sightedness,  is  the  error 


Fig.  158.— The  course  of  rays  in  a  hyperopic  eye. 

of  refraction  which  arises  when  the  retina  is  situated  in  front  of  the  principal 
focus  of  the  dioptric  surfaces. 

Fig.  158  represents  a  hyperopic  eye  able  to  focus  parallel  rays  at  /behind 
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the  retina  and  /  the  lens  which,  tiirninjr  the  rays  toward  the  virtual  "far 
point  ot  the  eye,  causes  them  to  be  focussed  on  the  retina  and  corrects  the 
hyperopia. 

The  hyperopic  eye  is  adjusted  for  convergent  rays,  and  these  are  not 
encountered  in  nature.  Without  accommodation  it  sees  indistinctly  at  all 
distances.  By  the  exertion  of  accommodation  it  sees  clearly,  but  only  by  the 
exertion  of  accommodation  exceeding  (by  the  amount  of  its  hyperopia)  that 
required  of  the  emmetropic  eye ;  and,  having  to  use  some  accommodation 
constantly,  it  is  deprived  of  the  periods  of  rest  which  come  to  the  emmetropic 
eye  when  fixed  on  distant  objects.  The  greater  amount  of  accommodation 
required  of  it  causes  the  hyperopic  eye  to  suffer  earlier  from  the  diminution 
of  accommodation  by  age,  and  afterward  the  further  loss  of  accommodation 
deprives  it  of  distinct  distant  vision.  We  have  from  hyperopia  liability  to 
eye-strain  and  indistinctness  of  vision,  either  of  which  may  be(!ome  an  indica- 
tion for  correction  of  the  defect  by  convex  lenses. 

Causes,  Varieties,  and  Course. — Hyperopia  is  due  in  the  majority  of 
cases  to  antero-posterior  shortening  of  the  eyeball,  axial  liyjm'ojjia.  This  is 
caused  not  so  often  by  a  flattening  of  the  globe  as  by  a  diminution  in  all  its 
diameters.  The  other  causes  for  it  are — flattening  of  the  curvature  of  the 
cornea  or  crystalline  lens,  hyperopia  of  curvature,  and  removal  of  the  crys- 
talline lens  (accidental  or  operative),  or  its  congenital  absence  or  dislocation 
— aphakial  hyperopia.  It  is  possible  to  conceive  also  of  hyperopia  due  to 
a  low  index  of  refraction  of  the  crystalline  lens — index-hyperopia. 

At  birth  nearly  all  eyes  are  hyperopic.  It  is  possible  that  during  the  first 
years  of  life  there  is  some  general  tendency  for  hyperopia  to  diminish,  although 
this  is  not  proven  (see  p.  178).  On  the  other  hand,  from  early  adult  life  to  old 
age  there  is  a  general  tendency  for  hyperopia  to  slowly  increase,  due  to  the 
gradual  increase  in  size  of  the  crystalline  lens.  As  Priestley  Smith  has  shown, 
the  lens,  like  other  structures  of  epithelial  origin,  continues  to  increase  so  long 
as  it  continues  healthy,  increasing  one-third  in  bulk  between  twenty-five  and 
sixty-five  years  of  age.  Increase  in  the  size  of  the  lens,  supposing  it  to  keep 
the  same  shape,  causes  an  equal  increase  in  its  focal  distance  and  a  correspond- 
ing increase  of  hyperopia.  This  is  independent  of  the  apparent  increase  due 
to  the  failure  of  accommodation,  and  continues  after  all  power  of  accommoda- 
tion has  been  lost. 

The  varieties  of  hyperopia  recognized  in  practical  work  are  based  on  the 
relations  of  hyperopia  to  the  accommodation.  They  can  be  best  illustrated 
by  an  example:  Suppose  a  case  of  hyperopia  of  10  D.  in  which  the  total 
accommodation  is  only  8  D.  A\^hen  the  full  power  of  accommodation  is 
exerted,  there  remains  2  D.  of  uncorrected  hyperopia.  This,  a  part  of  the 
hyperopia  which  no  effort  of  the  accommodation  can  correct,  is  called  the 
absolute  hyperopia.  It  often  happens  where  there  is  considerable  iiypero})ia 
and  good  accommodation  that  the  accommodation  is  not  fully  relaxed  at  any 
time  when  the  eyes  are  used,  even  for  distant  vision.  If  this  part  of  the 
accommodation  amounts  to  2  D.,  then  so  much  hyperopia  is  always  corrected 
when  the  eyes  are  in  use  ;  it  is  called  latent  hyperopia.  Besides  the  2  D.  of 
accommodation  that  cannot  be  relaxed,  there  remains  6  D.  of  accommodation 
which  can  be  relaxed  or  exerted,  and  which,  therefore,  can  be  used  to  correct 
an  equal  amount  of  hyperopia,  but  which  hyperopia  can  be  left  uncorrected  at 
will.  This  part  of  the  hyperopia  which  can  be  corrected  or  not  by  the  accom- 
modation is  called  facultative  hyperopia.  The  absolute  hyperopia  and  the 
facultative,  added  together,  give  the  manifest  hyperopia.  The  manifest 
hyperopia,  with  the  latent  hyperopia,  together  constitute  the  total  hyperopia. 
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The  relations  of  these  ditt'eiviit  varieties  or  parts  of  the  hyperopia  may  be 
better  understood  by  the  following  diagram  : 


Total  acfoinniodatioii. 

Involuntary  A. 

Voluntary  A. 

Latent  H. 

Facultative  H. 

Absolute  H. 

Manifest  H. 

Total  livperopia. 

The  subject  may  be  still  further  illustrated  by  considering  what  hapjiens 
when  successive  convex  lenses  are  placed  before  an  eye  with  a  hyperopia 
of  10  D.,  and  a  total  accommodation  of  8  D.  Without  anv  lens  the  vision 
of  such  an  eye  is  imperfect.  A  weak  convex  lens  improves  it,  and  the  im- 
provement continues  as  the  strengtii  of  the  lens  is  increased  u[)  to  2  D., 
which  corrects  the  absolute  hyperopia,  and,  with  all  the  power  of  accommo- 
dation added  to  it,  focusses  parallel  rays  on  the  retina,  giving  good  distant 
vision.  As  the  convex  lens  is  made  stronger  the  vision  is  not  further  im- 
proved, but  the  best  vision  is  obtained  with  less  exertion  of  accommodation. 
Thus,  with  a  4  D.  lens  it  is  necessary  to  exert  only  6  1).  of  accommodation, 
and  with  a  7  D.  lens  only  3  D.  of  accommodation.  This  continues  until  all 
the  manifest  hyperopia  is  corrected  by  an  8  D.  lens,  the  vision  remaining 
clear  with  only  2  D.  of  accommodation.  If,  however,  a  still  stronger  lens  is 
placed  before  the  eye,  the  accommodation  being  able  to  relax  no  farther,  the 
2  D.  of  accommodation,  ])lus  the  lens,  gives  an  over-correction,  blurring  dis- 
tant vision.  The  portion  of  the  accommodation  which  cannot  be  relaxed  has 
been  indi(!ated  in  the  above  diagram  as  involuntarii,  and  the  part  that  can  be 
relaxed  or  exerted  at  will  is  voluntary  accommodation.  By  the  use  of  a 
mydriatic  the  total  accommodation,  both  voluntary  and  involuntary,  is  relaxed 
and  the  total  hyperopia  revealed. 

Absolute  hyperopia  only  occurs  after  the  power  of  accommodation  for 
objects  at  a  distance  from  the  eye  has  fallen  below  the  amount  of  hypero])ia. 
In  early  life  it  is  only  seen  in  hyperopia  of  the  highest  degree.  After  middle 
age,  the  power  of  accommodation  being  lost,  it  appears  in  all  hyperopic  eyes, 
and  when  the  accommodation  is  entirely  gone  all  hyjieropia  is  absolute. 
Latent  hyporo))ia  may  not  be  jn-esent.  Many  persons  with  strong  accommo- 
dation are  able  to  relax  it  entirely  when  looking  at  distant  objects  through 
convex  lenses.  In  other  eyes  it  is  constantly  present,  and  in  still  others  is 
present  only  part  of  the  time.  The  inability  to  relax  the  accommodation  is 
often  sj)oken  of  as  spasm  of  accommodation.  Such  spasm  is  most  likelv  to 
occur  when  the  eyes  are  irritated  or  fatigued.  The  facultative  hyperopia,  lying 
between  the  latent  and  the  absolute,  varies  with  these,  decreasing  as  either  of 
them  increases,  and  on  the  whole  tending  to  diminish  with  age  along  with  the 
diminishing  accommodation.  In  measuring  refraction  without  a  mydriatic 
the  important  point  is  to  get  as  much  of  the  hyperopia  manifest  as  possible, 
and  to  do  this  the  two  eyes  must  be  tested  together,  as  recommended  on 
page  209. 

With  reference  to  these  different  varieties  it  is  essential  always  to  bear  in 
mind  that  their  relations  to  each  other  are  not  fixed — that  there  is  no  constant 
ratio  between  the  manifest  and  the  latent  hyperopia  at  any  jmrticular  age  or 
for  the  individual.  The  proportions  may  vary  from  day  to  day,  or  even  from 
minute  to  minute. 

Symptoms. — Since  hypero])ia  may  be  corrected  by  accommodation,  only 
the  highest  degrees  give  rise  to  symptoms  in  early  childhood.  The  earliest 
symptom  is  convergent  squint,  arising  with  the  effort  of  accommodation.  This 
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eflPort  being  great,  the  nervous  impulse  overflows,  causing  additional  muscular 
contractions  in  muscles  closely  associated  with  that  of  accommodation,  and 
especially  excessive  contraction  of  the  internal  recti  muscles.  Convergent 
squint  of  this  kind  is  apt  to  begin  before  six  years  of  age,  and  is  most 
commonly  associated  with  hyperopia  of  high,  but  not  the  highest,  degree. 
Squint  occurs  where  the  hyperopia  can  be  corrected  by  great  exertion  of  the 
accommodation.  M'hen  this  is  too  difHcult  imperfect  vision  is  accepted.  Such 
imperfect  vision  may  be  noticed  by  a  careful  observer  in  early  childhood,  but 
commonly  is  not  detected  until  the  child  begins  to  read.  It  is  then  found  that 
to  increase  the  size  of  the  imperfect  retinal  images  the  book  is  held  very 
close  to  the  eyes,  as  in  myopia.  This  practice  in  early  childhood  quite  as 
frequently  indicates  high  hyperopia. 

Under  the  influence  of  school-work  lower  grades  of  the  defect  begin  to 
cause  eye-strain.  This  often  shows  itself  in  local  congestion  and  inflammation 
of  the  conjunctiva  and  lids,  conjunctivitis,  styes,  photoi)hobia,  and  frequent 
winking  on  account  of  the  conjunctival  irritation.  In  later  childhood  begins 
the  liability  to  headache;  young  children  rarely  complain  of  ocular  headache. 
During  school-life  even  the  lower  grades  of  hyperopia  are  liable  to  cause  eye- 
strain, but  afterward,  most  eyes  being  used  to  better  advantage  and  not  being 
so  severely  taxed,  the  low  degrees  of  defect  are  less  likely  to  cause  trouble, 
although  lieadaclies  established  during  childhood  may  be  continued,  and 
periods  of  poor  iiealth  may  cause  the  development  of  eye-strain. 

As  the  time  ai)proaches  when  even  emmetropic  eyes  suffer  from  presbyoj)ia, 
hyperopic  eyes  manifest  the  same  symptoms  earlier,  in  proportion  to  the  degree 
of  hyj)eropia.  These  symptoms  are — failure  of  the  vision  for  near-work, 
particularly  in  the  latter  part  of  the  day  or  when  tired  or  working  by  poor 
light  :  print  has  to  be  held  farther  from  the  eyes  in  order  to  be  read,  and 
€()njunctival  irritation  and  inflammation  again  occur,  often  in  repeated  acute 
attacks  that  are  ascribed  to  "  cold."  Still  later,  as  the  power  of  accommo- 
dation falls  so  low  that  it  can  no  longer  correct  the  hyperopia,  indistinctness 
of  vision  is  developed. 

Treatment. — Wliile  any  departure  of  the  refraction  of  the  eye  from  the 
emmetropic  standard  constitutes  an  error  or  an  anomaly  of  refraction,  it  is 
onlv  when  under  the  conditions  of  work  imposed  upon  the  eye  such  an  error 
or  anomalv  causes  interference  with  vision  or  strain,  that  the  refraction  is  to 
be  considered  abnormal.  Treatment,  therefore,  is  not  indicated  by  the  mere 
existence  of  hyperopia,  but  by  the  fact  that  the  hyperopia  has  caused  symp- 
toms, or  is  likely  to  cause  them,  under  conditions  of  work  to  which  the  eyes 
are  about  to  be  subjected.  Many  hyperopic  eyes,  therefore,  do  not  require 
the  aid  of  correcting  lenses,  but  when  symptoms  arise  that  may  with  prub- 
abilitv  be  ascribed  in  part  to  this  error  of  refraction  the  correcting  lenses 
should  be  used. 

How  they  are  to  be  determined  has  been  sufficiently  indicated  in  the  ))re- 
eeding  section  (page  198).  The  general  rule  should  be  to  give  the  full 
correction — that  is,  the  lens  which  makes  the  hyperopic  eye  similar  to  the 
emmetropic  eye,  enabling  it  to  focus  parallel  rays  on  the  retina  without  any 
exertion  of  accommodation,  and  to  focus  divergent  rays  with  the  least  effort 
of  accommodation.  To  this  general  rule  certain  objections  are  offered  which 
must  be  carefully  considered,  and  certain  exceptions  which  must  be  recognized. 

It  is  urged  that  if  some  eyes  continue  normal  with  uncorrected  hypero})ia, 
others  may  continue  normal  with  their  hyperopia  but  partly  corrected,  and 
that  the  rule  should  be  to  give  the  weakest  glass  that  will  allow  the  us(>  of 
the  eyes  with  comfort.    But  it  is  impossible,  except  by  trial,  to  know  that 
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any  incomplete  correction  will  be  sufficient  in  the  particular  case.  The  full 
correction  j^romises  the  greatest  degree  or  the  greatest  probability  of  relief 
after  the  eye  has  once  become  accustomed  to  it.  The  inconvenience  of  wear- 
ing glasses  is  the  same  with  a  partial  as  with  a  full  correction  ;  tlierefore,  if 
the  patient  must  wear  glasses  at  all,  he  ought  to  have  from  them  the  greatest 
benefit  or  the  greatest  certainty  of  benefit  obtainable. 

The  second  objection  to  giving  the  full  correcting  lens  is  that  if  a  portion 
of  the  hyperopia  is  latent — and  it  is  often  incorrectly  assumed  that  this  is^  so 
in  nearly  all  cases — the  wearing  of  the  full  correction  renders  distant  vision 
indistinct.  If  the  latent  part  of  the  hyperopia  were  a  fixed  amount,  this 
objection  would  have  more  practical  weight.  As  it  is,  one  cannot  correct  the 
manifest  hyperopia  of  to-day  and  be  sure  that  the  same  lens  wall  not  over- 
correct  it  to-morrow.  As  long  as  latent  hyperopia  is  allowed  it  will  vary, 
and,  at  certain  times,  lead  to  blurring  of  distant  vision  unless  a  very  wide 
margin  is  left  for  such  variation.  On  the  other  hand,  it  is  only  necessary  to 
wear  constantly  the  full  correcting  lenses  to  render  the  total  hyperopia  mani- 
fest. Sometimes  this  is  accomplished  in  a  few  minutes  or  a  few  days ;  in 
other  cases  it  may  take  weeks,  but  if  the  glasses  are  a  true  correction  and 
are  steadily  w^orn,  it  can  always  be  brought  about.  This  manifestation  of 
total  hyperopia  is  doubted  by  some  ophthalmologists,  partly  because  of  the 
failure  of  patients  to  wear  their  glasses  constantly  or  ahvays  to  look  through 
them  when  worn,  but  chiefly  on  account  of  the  inaccuracy  of  supposing  that 
the  correcting  lens  for  a  limited  distance,  15  or  20  feet,  is  a  true  correction 
for  greater  distances.  Such  a  lens  causes  a  very  perceptible  blurring  at 
greater  distances,  very  annoying  to  persons  accustomed  to  distinct  vision,  and 
never  to  be  overcome  by  any  amount  of  persistence  in  wearing  glasses.  The 
person  who  under  a  mydriatic  sees  perfectly  at  4  m.  with  a  1  D.  convex  lens 
never  will  see  perfectly  at  a  longer  distance  with  that  lens — never  will  accept 
such  a  lens  with  satisfjxction,  not  because  of  any  "  spasm  of  accommodation," 
but  because  it  is  not  his  correcting  lens  for  parallel  rays ;  it  is  0.25  D.  too 
strong.    (See  also  page  209.) 

A  third  objection  is  that  even  if  finally  accepted  the  full  correction  is 
harder  to  become  accustomed  to  than  a  partial  correction.  This  seems 
plausible,  but  experience  indicates  that  it  is  not  the  case  unless  the  partial 
correction  is  so  incomplete  as  to  give  a  very  diminished  assistance  to  the  eye. 
It  appears  to  be  easier  for  an  eye  to  learn  to  relax  its  accommodation  entirely 
than  to  learn  the  new  partial  relaxation  that  a  partial  correction  of  the  hyper- 
opia renders  necessary.  Some  surgeons  claim  it  is  best  to  arrive  at  full  cor- 
rection by  successively  increasing  partial  corrections.  The  full  correction 
may  at  first  cause  the  greater  trouble,  but  this  is  at  its  maximum  during  the 
first  two  or  three  days,  and  after  that  it  rapidly  diminishes  ;  it  is  certainly  less 
in  the  aggregate  than  is  entailed  by  a  series  of  increasingly  stronger  glasses, 
which,  moreover,  cause  greater  expense. 

The  wearing  of  correcting  lenses  should  be  constant.  This  should  be 
the  rule  in  hyperopia,  although  not  so  essential  as  in  myopia  and  astig- 
matism. Some  indications  as  to  the  constancy  with  which  glasses  should  be 
worn  may  be  drawn  from  the  symptoms.  Headache,  particularly  if  continu- 
ous or  occurring  without  apparent  connection  with  any  particular  use  of  the 
eyes,  is  very  much  more  likely  to  be  relieved  when  the  lenses  are  worn  con- 
tinuously. The  same  is  true  of  chronic  conjunctivitis  and  marginal  blepharitis 
and  of  inflammatory  changes  within  the  eye.  Where  there  is  headache  or 
irritation  directly  following  special  use  of  the  eyes,  as  in  reading  or  sewing, 
which  quickly  passes  away  when  such  eye-work  is  suspended,  it  is  likely  that 
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relief  will  he  afforded  by  using  the  correcting  lenses  only  during  the  periods 
of  such  worlv. 

It  is  often  necessary  to  have  the  glasses  worn  continually  at  first,  until 
the  headache  or  chronic  inflammation  has  been  entirely  cured  and  the  eyes 
haye  learned  the  habit  of  rehixing  acconnnodative  effort  when  not  working. 
After  this  it  may  be  quite  enough  to  use  the  glasses  only  wlien  the  accommo- 
dation will  be  especially  taxed.  Again,  many  children  have  trouble  from 
hyperopia,  requiring  the  use  of  correcting  lenses  during  school-life,  who, 
when  they  leave  school,  can  lay  aside  glasses  and  continue  free  from  any 
symptoms  of  eye-strain. 

Exceptions  to  the  prescribing  of  a  full  correction  are  made — first,  in  young 
persons  with  good  accommodation  and  high  degrees  of  hyperopia  and  with 
comparatively  trifling  symptoms,  occurring  only  when  the  eyes  are  es})ecially 
taxed  ;  second,  in  cases  in  which  it  is  impossible  to  persuade  the  patient  to 
submit  to  some  present  inconvenience  in  the  hope  of  future  benefit.  Under 
these  circumstances  the  only  thing  to  do  is  to  give  a  very  incomplete  correc- 
tion at  first  and  increase  the  strength  of  the  lenses  slightly  at  short  intervals. 
Patients  who  take  tiiis  attitude  are  generally  in  a  position  to  bear  the  increased 
expense,  and  if  it  is  explained  that  the  first  glasses  are  only  for  temporary 
use  and  are  to  be  changed  after  short  intervals,  perhaps  changed  several  times 
at  such  intervals,  the  partial  correction  may  be  resorted  to.  Deficiency  of 
convergence  or  marked  exophoria  may  also  be  considered  as  an  indication  for 
not  completely  correcting  hyperopia. 

In  cases  of  convergent  squint  the  constant  wearing  of  the  full  correction 
is  always  to  be  tried.  Apart  from  the  wearing  of  correcting  lenses,  there  is 
no  treatment  for  hyperopia  ;  but  the  symptoms  that  arise  from  it  may  be 
relieved  by  diminished  use  of  the  eyes,  especially  for  near  work,  or  by  im- 
provement of  general  health,  and  by  the  influences  and  remedies  that  bring 
it  about. 

Myopia. — 3Iyopia,  Brachymetropia,  Short-sight,  or  Near-sightedness,  is 
the  error  of  refraction  existing  when  the  retina  is  situated  back  of  the  prinGipal 
focus  of  the  dioptric  surfaces,  and  rays  of  light  to  be  focussed  upon  it  must 
enter  the  eye  divergent  from  some  comparatively  near  point. 

Fig.  159  represents  a  myopic  eye  focussing  parallel  rays  at  /in  the  vitreous, 


Fig.  159.— The  course  of  rays  in  a  myopic  eye. 

and  requiring  the  lens  /,  which  will  cause  them  to  diverge  from  r,  the  far 
point  of  the  eye,  in  order  that  they  shall  be  focussed  on  the  retina. 

Causes,  Tendency,  and  Varieties. — Myopia  may  occur  as  the  result  of 
a  simple  congenital  tendency  to  the  formation  of  too  long  an  eyeball  or  too 
great  curvature  of  its  dioptric  surfiices,  but  the  great  mass  of  myopic  eyes 
must  be  regarded  as  pathological.  They  exhibit  distinct,  and  often  very 
grave,  lesions  of  the  ocular  tissues,  to  which  the  myopia  may  be  secondary, 
but  which  it  tends  to  aggravate. 

The  sclera  is  distended  by  a  normal  intraocular  pressure  of  25  or  30  mm. 
of  mercury.    This  pressure  preserves  the  form  of  the  eyeball  and  the  proper 
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relation  of  tho  dioptric  surfaces  to  each  other  and  to  tlie  retina.  The  nornial 
sclera  resists  this  pressure  without  yielding.  Acute  disease,  diathetic  impair- 
ment of  treneral  nutrition,  a  local"  inflammatory  process  starting  with  con- 
gestion of  the  choroid  from  eye-strain,  or  a  congenital  nutritive  deficiency 
lowers  the  resisting  power  of  the  tissue,  leaving  it  unable  to  withstand  the  in- 
traocular pressure.  Distention  then  occurs,  comuKjiily  near  the  posterior 
])ole  of  the  eve,  causing  elongation  of  the  antero-posterior  axis  of  the  eyeball. 

When  such  distention  is  started,  anything  tending  to  increase  intraocular 
tension  or  to  diminish  tiic  resisting  power  of  the  sclera  favors  it.  Different 
writers  attach  different  degrees  of  imi)ortance  to  the  various  possible  factors. 
Some  believe  a  diathetic  vice  of  nutrition  essential  to  the  production  of 
mvopia  ;  some  regard  external  pressure,  dei)endent  largely  u})on  tiie  form  of  the 
orbits  and  the  width  between  them,  as  most  important ;  some  consider  inflam- 
matorv  changes  within  the  eye  as  the  chief  cause  of  distention  ;  some  ascribe 
an  im'portant'influence  to  accommodation,  and  others  to  excessive  convergence. 
The  writer  recognizes  the  possible  influence  of  all  tliese  factors,  but  believes 
excessive  convergence  is  by  far  of  the  greatest  practical  lm])ortance. 

It  is  universally  recognized  that  prolonged  near  work  favors  the  occurrence 
and  increase  of  myopia.  Such  near  work  causes  physiological  hyperemia, 
often  exaggerated  by  ])oor  light  or  excessive  minuteness  of  the  objects  looked 
at;  faulty  position  of  the  head,  leading  to  venous  congestion  of  the  eyes  ;  con- 
finement indoors  to  a  sedentary  occupation,  which  impairs  nutrition  ;  strain  of 
accommodation  ;  and  excessive  convergence  which,  sooner  or  later,  increasing 
myopia  renders  necessary. 

When  the  eye  has  become  myopic  its  elongation  makes  convergence  abnor- 
mally difficult,  and  the  continued  use  of  the  eye  for  near  work,  because  it 
cannot  be  used  for  distinct  distant  vision,  increases  the  amount  of  convergence 
required  of  it.  With  weakened  sclera,  with  increased  ])ressure  of  the  extra- 
ocular muscles  from  increased  convergence-effort,  and  the  ))ressure  abnormally 
continuous,  the  tendency  is  for  distention  to  increase.  Myopia  tends  to  be 
progressive.  Probably  all  cases  of  myopia  are  at  the  start  progressive.  Some 
mvopias  cease  to  increase  when  the  requirements  of  excessive  near  work  made 
temporarily  or  during  school-life  are  relaxed.  Others  become  stationary  from 
increasing  rigidity  and  resisting  power  of  the  sclera  which  seem  to  come  nor- 
mally with  increasing  age.  Still  other  cases  continue  progressive  until  conver- 
gence becomes  too  difficult  to  be  sustained,  when  the  more  defective  eye  is  per- 
mitted to  deviate,  and  divergent  squint,  either  intermittent  or  constant,  is  estab- 
lished. After  this,  the  muscular  pressure  of  convergence  ceasing,  the  myopia 
ceases  to  increase.  In  a  few  cases,  however,  the  sclera  is  so  thinned,  its  resist- 
ing power  so  low,  that  distention  continues  until  the  intraocular  changes  pro- 
duce blindness.    To  these  the  term  malignant  myopia  is  properly  applied. 

Myopia  reaches  much  higher  degrees  than  hyperopia,  and  the  high  myopias 
constitute  a  larger  proportion  of  the  cases  ;  myopia  of  over  20  D.  is  as  common 
as  hypero])ia  of  10  D. 

In  s])eaking  of  degrees  of  myopia  we  may  designate  as  low  myopia  that 
of  less  than  2.5  D.,  where  some  accommodation  is  habitually  emploved  for 
near  work.  Moderate  myopia  is  from  2.5  D.  to  5  D.,  where  near  work  can 
be  d  one  without  accommodation.  High  myopia,  ranges  from  5  to  10  D.,  in 
which  work  is  best  done  at  the  far  point  of  distinct  vision.  Very  high  myopia 
is  above  10  D.,  and  is  usually  accompanied  by  great  alteration  in  the  shape 
of  the  eyeball  and  changes  in  its  coats. 

Symptoms  and  Complications. — Myopia  renders  indistinct  all  objects 
situated  beyond  the  far  point  of  the  eye.    Such  indistinctness  is  not  always 
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noticed  if  it  begins  in  early  childhood  or  comes  on  very  gradually,  although 
generally  it  is  detected  by  the  patient  or  his  care-takers,  esj)ecially  by  inability 
to  see  letters  on  the  blackboard  at  the  ordinary  distance.  The  indistinctness 
is  removed  by  bringing  the  object  closer  to  the  eye,  by  placing  before  the  eye 
a  solid  disk  or  card  with  a  pinhole  opening,  or  by  looking  through  a  con- 
cave lens.  The  changes  within  the  eyeball  often  prevent  full  vision  even 
with  correcting  lenses.  The  small  moving  specks  or  shadows  due  to  points 
of  haze  or  unequal  refraction  in  the  vitreous  humor,  noted  in  all  eyes  under 
certain  optical  conditions,  are  especially  noticeable  in  myopic  eyes.  Such 
eyes  are  also  especially  liable  to  vitreous  opacities,  which  give  rise  to  more 
extensive  clouds  and  shadows  upon  the  retina. 

Objectively,  the  myopic  eyeball  may  appear  noticeably  enlarged  and  elon- 
gcited,  especially  when  turned  strongly  to\vard  the  nose ;  and  the  lids  over  it 
prominent  or  widely  separated.  The  pupil  is  often  rather  large,  and  appar- 
ently sluggish,  because  less  often  contracted  in  the  act  of  accommodation  or 
convergence.  The  myope  has  a  vacant  or  even  stupid  look,  due  to  inability 
to  see  and  respond  to  expression  on  the  faces  of  others,  and  shows  a  distinct 
inclination  toward  reading  and  other  pursuits  which  do  not  require  clear  dis- 
tant vision. 

The  ophthalmoscope  commonly  reveals  intraocular  changes  closely  asso- 
ciated with  the  causation  and  increase  of  the  myopia.   The  most  characteristic 

of  these  are  alterations  in  the  choroid,  as 
congestion  and  edema,  causing  reddening, 
blurring  of  details,  and  lighter  patches 
("  woolly,"  "  flutfy,"  or  "  patchy  "  choroid), 
and  changes  in  which  the  pigment  in  parts 
of  the  fundus  is  reduced,  while  it  may 
be  increased  in  others  ("  disturbed "  or 
"  moth-eaten  "  choroid  or  choroidal  atro- 
phy, "  slight,"  "  partial,"  or  "  complete  "). 
These  changes  are  most  frequent  at  the 
outer  side  of  the  optic  disk,  usually  tak- 
ing a  crescentic  form — the  myopic  crescent 
represented  in  Fig.  160.  An  eye  may 
present  two  or  three  well-marked  suc- 
cessive crescents,  the  one  next  the  disk 
characterized  by  nearly  or  comjilete  cho- 
roidal atrophy,  the  next  showing  partial 
atrophy,  and  the  outer  one  mere  conges- 
Tlie  continued  succession  of  such  areas, 
extending  outward  and  passing  on  to  complete  atrophy,  gives  rise  to  a  trian- 
gular area  of  atrophy  extending  to  the  temporal  side  of  the  disk,  the  so- 
called  conuH.  The  disturbed  area  may  extend  around  the  disk,  forming  a 
ring  of  atrophy  usually  broadest  to  the  temporal  side  (see  also  p]).  192,  193). 

Such  an  area  is  often  the  seat  of  softening  of  the  sclera,  with  consequent 
distention  and  thinning — poderior  dap/iy/oina.  When  this  occurs  at  the  tem- 
poral side  of  the  disk  tlie  optic-nerve  entrance  is  tilted,  so  that  it  is  seen  more 
obliquely.  The  disk  appears  a  narrow  oval.  The  vessels,  drawn  upon  by 
the  distention,  pass  more  directly  outward  ;  the  temporal  side  of  the  opening 
in  the  sclera  through  which  the  nerve  enters  is  made  prominent  as  a  white 
crescent,  also  a  "myopic  crescent."  The  whole  ap[)earance  is  well  character- 
ized as  a  "  dragged  disk."  If  these  changes  occur  at  the  lower,  nasal,  or 
upper  side,  the  disk  is  found  "dragged"  in  that  direction.    In  the  later 


Fig.  ItiO— The  myopic  orescent.  Figure 
illustrates  also  the  lamina  cribrosa  and  a 
cilio-retinal  vessel. 


tion  or  disturbance  of  the  choroid. 
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stages  of  higli  ravopia  .similar  lesions  of  the  choroid  are  to  be  found  in  other 
parts  of  the  fundus,  especially  about  the  macula,  where  a  small  lesion  may 
cause  great  imi)airment  of  vision.  In  the  earliest  stages,  and  later  if  under 
the  influence  of  eve-strain  the  myopia  is  increasing,  general  hyperemia  and 
disturbance  of  the  choroid  may  be'noticed.  Late  in  the  course  of  high  myopia 
vitreous  opacities,  catamd,  especially  nuclear  and  posterior  polar,  and  detach- 
ment of  the  retina  are  liable  to  occur. 

Course.— The  best  statistics  of  eyes  examined  at  birth  show  that  practically 
none  are  then  mvopic.  But  high  myopia  is  sometimes  encountered  in  early 
childhood,  and  probably  sometimes  does  exist  from  birth.  In  the  great  mass 
of  cases  it  certainly  develops  later.  In  a  very  few  it  seems  to  occur  through  a 
healthy  development  of  the  eyeball,  to  go  on  without  choroidal  changes  or 
other  evidences  of  disease  up  to  adult  life,  and  then  to  become  stationary. 
In  the  great  mass  of  cases  axial  myopia  begins  in  a  period  of  marked  ocular 
congestion  accompanying  near  work  ;  then  at  times  it  becomes  stationary  ;  at 
other  times,  those  of  especial  strain,  it  rapidly  increases.  AVhen  the  myopia 
is  arrested  during  early  life  it  continues  for  some  years  stationary  ;  later,  by 
the  slow  growth  of  the  lens,  referred  to  under  Hyperopia,  it  may  be  lessened 
or  finally  disappear  entirely.  In  a  few  cases  myopia  begins  during  adult  life 
or  old  aire  in  connection  with  deo^enerative  changes  in  the  choroid  and  sclera, 
and  may  be  a  symptom  of  diabetes.  Curvature  myopia  may  begni  at  any 
time  of  life  after  disease  causing  corneal  distention,  conical  cornea,  or  after 
injury  causing  partial  dislocation  of  the  lens.  Index-myopia  comes  in  old  age 
as  a  precursor  of  cataract,  the  so-called  second  sigJit. 

Treatment. — The  indistinctness  of  vision  is  remedied  by  concave  lenses. 
Permanent  avoidance  of  near  work  will  usually  check  the  progress  of  myopia, 
but  it  is  generally  necessary  to  check  its  progress  while  near  work  is  con- 
tinued, and  fortunately  this  also  is  possible  for  the  great  mass  of  cases  by 
the  use  of  correcting  lenses.  Two  factors  in  near  work  that  might  tend  to 
increase  myopia  are  accommodation  and  convergence  ;  but  accommodation  is 
far  more  tasked  in  hyperopia,  and  hyperopic  eyes  show  no  such  tendency  as 
the  myopic  eyes  to  distention  of  the  eyeball.  On  the  other  hand,  hyperopia  is 
an  obstacle  to  straining  convergence,  w^hile  myopia  favors  or  compels  it. 
The  tendency  of  myopia  to  increase  does  not  disappear  when  by  its  progress 
accommodation  is  reduced  to  a  minimum  or  becomes  unnecessary;  but  it  does 
often  cease  when,  binocular  vision  being  given  up,  convergence  is  no  longer 
required.  If  excessive  convergence  causes  myopia  and  keeps  it  progress- 
ive, the  first  indication  for  its  treatment  is  its  oj^tical  correction,  that  the 
patient  may  have  distinct  vision  to  induce  him  to  turn  his  attention  toward 
distant  objects,  and  to  free  him  from  the  necessity  of  excessive  convergence. 

The  correcting  glasses  for  myopia  should  be  worn  constantly.  Wearing 
them  only  for  distant  vision  greatly  lessens  their  usefulness.  It  is  most 
important  for  a  young  person  to  use  the  correcting  lenses  constantlv,  so  that 
in  the  requirements  made  on  accommodation  he  shall  liave  a  constant  check 
to  excessive  convergence.  The  fear  that  accommodation  may  prove  injurious 
has  frequently  led  to  the  use  of  a  ])artial  correction  only  for  near  work.  This 
rarely  proves  permanently  satisfactory.  Convergence  to  a  near  working  point 
without  some  accommodation  is  impossible  ;  and  this  accommodation  makes  it 
necessary  to  bring  the  object  still  closer  and  further  tax  the  convergence. 

The  fear  that  normal  accommodation  is  bad  for  a  myopic  eye  has  led  to  the 
prescription  of  lenses  strong  enough  to  greatly  improve  distant  vision,  yet  weaker 
than  the  full  correction.  Such  lenses  may  be  very  dangerous  to  the  myopic 
eye.    Looking  obliquely  through  them  increases  their  eflFect  and  renders  dis- 
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tant  vision  more  distinct.  The  patient  discovers  this  and  avails  himself  of  it. 
But  looking  obliquely  through  a  lens  gives,  besides  the  increased  powder  of  the 
spherical,  the  effect  of  a  cylindrical  element  and  aberration,  which  vary  with  the 
<lirection  and  amount  of  obliquity,  and  which  subject  the  eye  to  a  strain  similar 
to  that  caused  by  uncorrected  astigmatism — a  strain  all  the  harder  upon  the 
eye  because  it  is  inconstant.  Glasses  which  may  be  made  thus  to  approximate 
the  full  correction  for  myopia  are  the  most  dangerous  that  can  be  worn.  Yet 
because  their  use  has  often  resulted  disastrously  many  surgeons  hesitate  about 
giving  the  stronger  lenses  of  a  full  correction,  although  these  would  be  really 
free  from  such  a  danger.  If  for  any  reason  something  less  than  the  full  cor- 
rection is  given,  it  should  be  carefully  considered  whether  its  use  is  liable  to 
be  thus  perverted  and  cause  injury. 

The  general  rule  is,  in  myopia  give  correcting  lenses  for  constant  use.  To 
this  there  are  certain  exceptions.  With  presbyopia  it  becomes  necessary  to 
give  weaker  lenses  for  near  work.  Again,  when  binocular  vision  has  been 
given  up,  strain  of  convergence,  the  chief  indication  for  the  use  of  correcting 
lenses,  is  removed,  and  a  full  correction  may  induce  a  renewed  effort  of  con- 
vergence to  restore  binocular  vision.  On  this  account  it  will  generally  be 
better  not  to  give  a  correcting  lens  for  the  worse  eye.  Persons  who  have 
reached  middle  age  or  later  life  without  the  use  of  lenses  often  find  it  difficult 
or  impossible  to  become  accustomed  to  them.  Improved  vision  will  often 
not  compensate  for  the  discomfort  and  inconvenience  given,  so  that  these 
cases  must  be  made  exceptions.  With  very  high  myopia  a  lens  slightly 
weaker  than  the  full  correction  gives  an  image  more  like  that  to  which  the 
patient  has  been  accustomed,  and  which  is,  therefore,  preferred.  When  this 
is  the  case,  there  is  no  temptation  to  get  an  increased  effect  by  looking  ob- 
liquely through  the  lens.  Some  persons  object  to  the  diminished  retinal 
images  caused  by  strong  concave  lenses,  and  prefer  very  much  weaker  lenses. 
If  one  weak  enough  to  entail  no  strain  when  looking  through  it  obliquely 
answers  the  purpose  without  any  risk  of  excessive  convergence,  it  may  be 
wiser  to  give  it.  Occasionally,  too,  the  full  correction  may  be  given  for  dis- 
tant vision,  and  something  deducted  (1  or  2  D.)  from  the  glass  for  near  work, 
until  the  habit  of  accommodating  normally  for  near  objects  has  been  formed. 
Patients  should  be  warned  of  the  dangers  of  looking  obliquely  through  con- 
cave glasses. 

Besides  using  correcting  lenses,  the  myope  must  learn  to  keep  his  near 
work  as  far  from  his  eyes  as  possible.  The  lenses  are  chiefly  useful  by 
enabling  him  to  have  a  greater  working  distance,  and  no  benefit  as  regards  the 
progress  of  the  myopia  or  the  health  of  the  eye  can  be  expected  unless  the 
opportunity  to  diminish  the  strain  of  convergence  is  utilized.  As  an  aid  to  a 
greater  working  distance,  good  light  and  the  avoidance  of  reading  very  fine 
print  or  prolonged  looking  at  other  minute  objects  must  be  attended  to.  Care 
must  be  taken  to  avoid  protracted  near  work.  It  should  be  interrupted  by 
frequent  intervals,  during  which  the  convergence  may  be  allowed  to  relax  and 
the  eyes  to  fix  on  some  distant  object.  The  position  of  the  head  is  also 
important,  particularly  in  young  persons.  Reading  while  lying  down  or  in  a 
bent  posture,  causing  pressure  on  the  veins  of  the  neck,  favors  ocular  con- 
gestion, and  should  especially  be  avoided.  Use  of  the  eyes  during  periods 
of  impaired  nutrition,  as  from  acute  disease,  during  great  physical  exhaustion, 
etc;.,  may  also  be  dangerous.  Outdoor  life,  besides  demanding  distant  rather 
than  near  vision,  acts  by  improving  general  nutrition.  When  choroidal  con- 
gestion is  marked,  the  influence  of  complete  rest  of  the  eyes  for  some  days 
under  the  influence  of  a  mydriatic  may  promptly  check  a  process  that  tends 
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to  soften  and  rai)idly  distend  the  sclera.  A\'lien  increase  of  myopia  does  occur 
the  lenses  should  be  })roniptly  changed  accordingly. 

The  operative  treatment  of  myopia  by  removal  of  the  (crystalline  lens  by 
discission,  followed  by  extraction  if  the  patient's  age  makes  it  necessary,  is 
claimed  not  only  to  improve  vision  by  removal  of  high  myopia,  making  com- 
paratively weak  glasses  necessary,  but  also  to  exert  an  influence  in  checking 
the  progress  of  the  myoj)ia,  and  actually  to  cause  a  diminution  in  the  antero- 
posterior axis  of  the  eyeball.  In  the  judgment  of  the  Avriter  it  is  not  proper 
to  resort  to  it  in  any  case  where  the  ])rogress  of  the  myopia  can  be  arrested 
by  the  wearing  of  correcting  lenses  and  ordinary  hygienic  precautions.  But 
where  glasses  cannot  be  comfortably  worn  or  with  them  the  myopia  continues 
distinctly  progressive,  it  is  proper  to  extract  the  crystalline  lens.  This  ope- 
ration may  also  be  resorted  to  in  cases  of  high  myoj)ia  in  one  eye  and  in 
myopia  with  connnencing  lens  opacity.  In  such  eyes  cataract  often  remains 
incomplete  for  many  years,  and  grows  no  easier  of  extraction — it  may  even 
become  more  difficult  to  remove  because  of  the  larger  nucleus  when  ripe  than 
when  the  opacity  begins  to  interfere  with  vision.  The  reduction  in  myopia 
by  extraction  of  the  lens  varies  in  dilferent  eyes,  usually  between  15  and  20  D. 
Generally,  it  will  not  be  exactly  corrected  by  the  removal  of  the  lens ;  glasses 
for  both  near  and  distant  vision  will  be  required,  accommodation  being  lost 
with  the  removal  of  the  lens. 

Astigmatism. — Its  Nature  and  the  Vision  of  Astigmatic  Eyes. — 
Astigmatism  is  always  an  ametropia  of  curvature.  It  is  a  defect  in  ivhich  rays 
from  a  single  point  do  not  after  refraction  tend,  to  meet  at  a  single  point. 

In  irregular  astigmatism  the  curvature  is  irregular  and  the  refraction 
differs  in  the  different  parts  of  the  pupil. 

In  regular  astigmatism  the  refraction  is  the  same  in  different  parts  of  the- 
puj)il,  but  differs  at  the  same  point  in  different  directions.  This  depends  upon 
ine(iuality  of  curvature  of  the  dioptric  surfaces  in  the  different  directions. 

A  familar  illustration  of  the  kind  of  surface  causing  it  is  found  in  the 
curve  of  the  edge  of  a  watch.  The  curve  in  the  plane  parallel  to  the  face  of 
the  watch  is  weaker  than  the  curve  in  the  plane  perpendicular  to  the  face. 
The  ine(|uality  of  curvature  causes  the  rays  to  be  refracted  more  strongly  in 
the  direction  of  the  stronger  curve,  and  in  that  plane  to  come  to  a  focus  before 
they  have  reached  a  focus  in  the  plane  of  the  weaker  curve.  Instead  of  being 
focussed  to  a  single  jioint,  they  are  focussed  successively  to  two  lines  at  right 
angles  to  each  otlier  and  separated  by  a  certain  interval. 

In  most  cases  of  regular  astigmatism  the  fault  depends  chiefly  upon 
inequality  of  curvature  in  the  cornea,  although  there  is  usuallv  also  some 
inequality  in  curvature  in  the  crystalline  lens.  It  is  common  to  speak  as 
though  the  astigmatism  were  due  entirely  to  the  corneal  cin-vature,  but  it 
should  be  remembered  that  this  is  only  exce])tionally  the  case. 

In  considering  the  refraction  of  the  astigmatic  eye  it  is  only  necessary  to- 
follow  the  course  of  the  rays  as  regards  two  meridians,  called  the  principal 
m^eridians — viz.  the  meridian  of  greatest  curvature  or  greatest  refraction,  and 
the  meridian  of  least  curvature  or  least  refraction.  In  regular  astigmatism 
these  are  always  perpendicular  to  each  other.  In  some  eyes  they  are  not 
perpendicular,  but  in  such  eyes  the  astigmatism  is  not  regular,  or  if  a  part 
of  it  be  regular,  there  is  ])resent  also  some  irregular  astigmatism,  which  can- 
not be  corrected  by  any  lens.  (See  page  206.)  When  the  refraction  has 
been  corrected  in  the  princii)al  meridians  all  of  the  regular  astigmatism,  all 
the  astigmatism  that  is  corrigible,  is  corrected  for  all  meridians. 

The  focussing  of  light  by  the  astigmatic  eye  may  be  illustrated  by  Fig. 
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161,  in  Mliieh  the  circle  represents  the  cornea  as  seen  from  the  front;  a  a 
represents  the  principal  meridian  of  greatest  refraction,  and  b  b  the  ])rincipal 
meridian  of  least  refraction.  By  the  vertical  curvature  all  rays  cintering  the 
upper  half  of  the  cornea  are  brought  down  to  the  level  of  the  central  ray 
when  they  reach  the  point /",  and  all  rays  entering  the  lower  half  of  the  cornea 
are  brought  up  to  the  central  ray  at  the  same  point.    At/  all  the  rays  have 
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Fig.  161.— lUustrating  the  refraction  of  the  rays  in  the  principal  meridians. 

been  brought  to  the  level  of  the  central  ray,  but  they  have  not  been  focussed 
to  a  point,  for  in  the  meridian  of  least  refraction,  6  6,  they  have  been  less 
turned  from  their  original  course,  and  therefore  from  side  to  side  are  still 
spread  out  the  distance/./".  Not  until  they  have  travelled  on  to  the  point 
are  those  from  the  right  half  of  the  pupil  and  from  the  left  half  of  the  pupil 
all  collected  to  the  center  line  of  the  pupil.  By  the  time  they  have  been 
thus  collected  from  side  to  side  they  have  begun  to  spread  downward  and 
upward,  so  that  they  occupy  vertically  the  distance  r/  g.  A  horizontal  line, 
//,  into  which  all  the  rays  are  collected,  is  the  focus  for  the  vertical  meridian, 

first  focal  line  ;  and  f/  r/,  a  vertical  or  second  focal  line  in  which  all  these 
ravs  are  afterward  collected,  is  the  focus  for  the  horizontal  meridian  or  hori- 
zontal curvature  of  the  cornea.  The  interval  between //and  g  g,  depending 
on  the  difference  of  curvature  in  the  directions  a  a  and  6  b,  called  the  focal 
interval  of  Sturm,  shows  the  amount  of  astigmatism. 

To/ and  g  the  ravs  from  a  single  point  outside  of  the  eye  are  collected, 


Fig  162 —Illustrating  the  appearance  of  lines  running  in  different  directions  ac  seen  by  (a)  the  normal 

eye  and  (/>)  the  ustiginatic  eye. 

forming  at  each  a  focal  line;  at  all  other  distances  behind  the  cornea  they 
spread  out,  making  an  area  of  diffnsion  which  is  commonly  an  ellipse,  though 
at  one  point  between  f  and  g  it  becomes  a  circle.  The  focussing  of  the  rays 
from  a  point  outside  of  the  eye  uj)on  a  line  of  the  retina  gives  rise  to  the 
peculiar  defect  of  vision  produced  by  astigmatism.    This  defect  is  such  that 
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lines  running  in  the  direction  of  the  focal  line  on  the  retina  are  seen  clearly, 
except  that  their  ends  shade  off  gradually,  but  the  liues  running  in  other 
directions  a})pear  blurred,  as  in  Fig.  162. 

a  represents  lines  running  in  three  directions,  as  seen  by  an  emmetropic 
eye.  b  represents  the  impression  such  lines  make  on  the  retina  of  an  astig- 
matic eye  :  1  shows  them  rumiing  in  the  direction  of  the  focal  lines  on  the 
retina,  so  that  these  ON'erlaj)  each  other,  giving  the  imj)ression  of  a  distinct 
line  ;  3  shows  them  running  at  right  angles  to  the  focal  lines  on  the  retina, 
so  that  they  overlap  the  spaces  on  either  side,  giving  the  greatest  blurring; 
and  2  shows  them  runniug  obliquely,  so  that  the  overlapping  causes  blurring, 
but  less  than  that  for  3.  All  lines  looked  at  by  the  astigmatic  eye  are  seen  in 
one  of  these  ways  at  any  given  time.  The  eye  may,  by  change  of  accommo- 
dation, so  vary  its  refractive  power  as  to  bring  first  one  and  then  another 
focal  line  uj)on  the  retina,  making  the  lines  clear  at  first  in  one  direction 
and  then  in  the  other. 

Symptoms  of  Astigmatism. — Generally  lines  can  be  seen  clearly  only 
when  they  run  in  some  one  direction,  and  this  direction  is  that  of  one  of  the 
principal  meridians.  This  necessarily  occasions  a  certain  indistinctness  of 
vision,  which  is  peculiar  in  that,  when  tested  by  the  test-letters,  some  of  these 
on  account  of  the  direction  of  their  characteristic  lines  are  more  blurred  than 
others.  The  patient  may  miscall  several  of  the  letters  of  a  certain  size,  and 
yet  recognize  others  of  but  half  that  size.  In  general,  the  indistinctness 
due  to  astigmatism  is  not  more  than  half  as  great  as  that  produced  by  myopia 
or  hyperopia  of  equal  amount. 

It  has  been  stated  that  the  astigmatic  eye  seeks  to  overcome  indistinctness 
of  vision  by  unequal  contraction  of  different  parts  of  the  ciliary  muscle, 
causing  unequal  convexity  of  the  crystalline  lens  in  different  meridians.  It 
has  not  been  certainly  proved  that  this  occurs.  But  the  indistinctness  may 
be  partly  overcome  by  rapid  changes  from  one  state  of  accommodation  to 
another,  causing  first  the  one  focal  line  and  then  the  other  to  ftill  upon  the 
retina  in  such  quick  succession  that  their  impressions  mav  aid  in  a  single 
mental  perception.  Either  use  of  the  accommodation  leads  to  eve-strain  with 
all  its  possible  manifestations — pain,  congestion  or  inflammation  of  the  eye  and 
its  appendages,  headache,  and  other  manifestations  of  disturbance  of  the  general 
nervous  system.  In  childhood  the  difficulty  of  the  imperfect  images  hinders 
the  development  of  the  powers  of  visual  perception,  and  even  of  the  general 
mental  processes.  Indistinctness  of  vision,  though  present  from  earlv  life, 
may  somewhat  diminish  as  the  patient  learns  to  use  his  eyes,  but  increases 
again  when  age  has  caused  the  impairment  or  complete  loss  of  accommoda- 
tion. High  astigmatism,  especially  myopic,  with  the  greatest  defect  in  the 
vertical  meridian,  is  (piite  as  likely  to  cause  ])artial  closure  of  the  lids,  with 
secondary  disturbances  of  the  cornea,  as  is  myopia. 

Varieties. — A.sfif/indfiwi  with  the  rule  is  astigmatism  with  the  meridian 
of  greatest  refraction  vertical  or  nearly  so,  as  it  is  in  a  large  majority  of 
cases. 

AduiiiKitkm  fu/ainst  the  rule  means  that  the  meridian  of  (greatest  refraction 
is  horizontal  or  nearly  so.  The  number  of  cases  of  this  kind  is  comparatively 
small,  but  they  grow  more  fre(iucnt  after  middle  life.  The  astigmatism  that 
follo^ys  cataract  extraction,  iridectomy,  and  similar  corneal  sections  is  usuallv 
of  this  kind,  because  such  sections  are  generally  made  in  the  upper  margin 
of  the  cornea,  and  their  influence  is  to  flatten  the  cornea  in  the  meridian  per- 
pendicular to  their  length.  Astigmatism  against  the  rule  has  also  been  noted 
as  a  forerunner  of  glaucoma. 
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Oblique  astigmatism  means  that  the  direction  of  the  principal  meridians 
departs  much  from  the  vertical  and  horizontal,  and  approaches  rather  to  45 
an(l  135  degrees.^  Some  writers  believe  that  astigmatism  against  the  rule  and 
oblique  astigmatism  are  most  likely  to  cause  inconvenience,  or  to  cause  more 
inconvenience  than  astigmatism  with  the  rule  of  equal  amount.  This  may  be 
explained  by  the  fact  tliat  only  lines  parallel  to  the  principal  meridians  can 
be  perfectly  focussed  on  the  retina,  and  that  the  greatest  number  of  lines 
looked  at  are  either  vertical  or  horizontal. 

While  the  amount  of  astigmatism  and  the  direction  of  its  principal  me- 
ridians are  independent  of  the  position  of  the  retina,  the  relation  of  the  retina 
to  the  focal  lines  determines  the  variety  under  which  astigmatism  is  classified  ; 
thus,  in  Fig.  163,  suppose  c  represents  the  coi'iiea,  the  solid  lines  represent 
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Fig.  163.— Figure  illustrating  varieties  of  astigmatism. 

rays  as  refracted  in  the  vertical  meridian,  and  the  broken  lines  the  rays  as 
refracted  horizontally,  /  to  be  the  position  of  the  anterior  focal  line,  and  g  the 
position  of  the  posterior  focal  line.  When  the  retina  passes  through  /  the 
defect  is  called  simple  kyjm'opic  astigviatism — li^  peropic  because  as  regards 
the  meridian  of  least  refraction  and  the  focal  line  g  the  eye  is  hyperopic — 
simple  because  it  can  be  corrected  by  the  simple  cylindrical  lens  which  cor- 
rects the  meridian  of  least  refraction. 

AVhen  the  retina  is  situated  at  /i  the  astigmatism  is  called  compound 
hyperopic.  The  eye  is  hyperopic  for  both  meridians,  for  both  focal  lines,  and 
it  can  be  corrected  only  by  a  compound  cylindrical  or  sphero-cylindrical  lens. 

When  the  retina  passes  through  g  the  defect  is  simple  myopic  astigmatism, 
the  eye  being  myopic  for  the  meridian  of  greatest  refraction  and  the  focal 
line/,  and  capal)le  of  correction  by  a  simple  cylinder  correcting  the  meridian 
of  greatest  refraction. 

When  the  retina  is  at  m  the  astigmatism  is  compound  myopic,  the  eye 
being  mvopic  for  both  focal  lines  and  meridians,  and  its  ametropia  is  only 
corrected  by  a  compound  cylindrical  or  sphero-cylindrical  lens. 

When  the  retina  is  situated  between  /  and  g  the  eye  is  hyperojiic  for  g 
and  the  meridian  of  least  refraction,  and  myopic  for  /  and  the  meridian  of 
greatest  refraction  ;  the  astigmatism  is  called  mixed,  and  requires  for  the 
correction  of  the  ametropia  a  lens  convex  in  one  meridian  and  concave  in  the 
other.  It  is  evident  that  simple  increase  in  the  antero-posterior  axis  of  the 
eyeball  by  distention  will  cause  the  same  case  of  astigmatism  to  pass  from 
compound  hyperopic  to  simple,  then  to  mixed,  afterward  to  simple,  and 
finally  to  compound  myopic.  In  case  of  astigmatism  becoming  myopic  these 
changes  successively  occur  in  the  course  of  the  progressive  distention  of  the 
eyeball  (see  also  pages  127  and  128). 

Correction  of  Astig-matism. — This  is  effected  when  rays,  instead  of  being 
focussed  to  two  focal  lines,  are  focussed  to  a  single  point.  The  correction  of 
the  ametropia  ]iresent  requires  that  for  ])arallel  rays  this  jioint  shall  fall  iqion 
the  retina.    But  the  astigmatism  may  be  fully  corrected,  although  a  certain 
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amount  of  other  ametropia  (hyperopia  or  myopia)  remains  uncorrected. 
Astigmatism  is  corrected  by  any  cylindrical  lens  or  combination  of  lenses 
tiiat  makes  up  for  the  difference  of  refraction  in  the  two  jirincipal  meridians. 
Thus  a  convex  cylinder  with  its  curve  ])arallel  to  the  meridian  of  least  refrac- 
tion, and  cHiual  in  streuirth  to  tiie  difference  between  the  two  principal  me- 
ridians, will  correct  anv  case  of  asti":matism.  A  concave  cylinder  Avith  its 
curve  ])arallel  to  the  meridian  of  greatest  refraction,  and  strong  enough  to 
make  the  difference  between  the  two  meridians,  will  correct  it  equally  well. 
Or  a  convex  cvlindcM*  correcting  a  part  of  the  astigmatism  may  be  placed  with 
its  curve  in  the  direction  of  the  meridian  of  least  refraction,  and  a  concave 
cylinder  strong  enough  to  correct  the  remainder  of  the  astigmatism  with  its 
curve  parallel  to  the  meridian  of  greatest  refra(!tion. 

In  general,  any  case  of  astigmatism  may  be  corrected  by  one  of  three 
combinations  of  lenses.  Take,  for  instance,  a  hyperopic  astigmatism  in 
which  tiu'  liorizontal  meridian  is  hy])eropic  4  D.,  and  the  yertical  meridian 
hyj)eropic  2  D.  The  astigmatism  may  be  corrected  (1)  by  a  convex  2  D. 
cylindrical  lens  placed  with  its  curve  horizontal  (axis  vertical),  and  the  addi- 
tional hyperopia  corrected  by  combining  with  this  a  convex  2  D.  spherical  lens. 
This  astigmatism  may  be  corrected  (2)  by  a  concave  2  D.  cylindrical  lens 
placed  with  its  curve  vertical  (axis  horizontal).  This  would  have  the  effect 
of  increasing  the  hy})eropia  of  the  vertical  meridian,  and  to  correct  the 
hyperopia  a  convex  4  D.  spherical  lens  would  be  required.  It  would  also  be 
"^wssible  (3)  to  correct  the  astigmatism  with  a  convex  4  D.  cylinder  with  its 
curve  horizontal  (axis  yertical)  and  a  convex  2  D.  cylinder  with  its  curve 
yertical  (axis  horizontal).  The  one  cylinder  would  bring  the  ])Osterior  focal 
line  on  the  retina  without  affecting  the  anterior  focal  line,  and  the  other 
cylinder  would  bring  the  anterior  focal  line  on  the  retina  without  affecting 
the  posterior  line.  In  this  way  both  focal  lines,  brought  to  the  same  distance 
from  the  cornea,  would  become  a  single  point,  and  the  astigmatism  would  be 
corrected,  and  Avith  it  also  the  hyperopia. 

For  the  one  case  of  astigmatism  any  of  the  following  lenses  might  be 
chosen,  the  correction  being  optically  as  good  with  one  as  with  another  : 

(1)  +2  D.  sph.  O  i-  2  D.  cvl.  axis  90°  (vertical) ; 

(2)  +  4  D.  sph.  O  -  2  D.  cvl.  axis  180°  (horizontal) ; 

(3)  +  2D.  cyl.  axis  180°  O  +  4D.  cyl.  axis  90°. 

Looking  at  these,  it  will  be  seen  that  (1)  has  on  the  whole  the  weakest 
surfiices.  It  is  theoretically  possible  w  ith  it  to  get  the  thinnest  lens  and  the 
one  having  usually  the  least  aberration.  It  is  also  the  lens  most  commonly 
selected  in  testing  the  eye  with  trial  glasses,  and  the  one  most  frequently 
prescribed. 

It  will  be  observed  that  (2)  has  one  convex  and  one  concave  surfiice. 
The  spiierical  surface  has  to  be  stronger  than  that  of  (1),  and  therefore 
causes  more  aberration  ;  but  this  is  a  matter  of  very  little  importance. 
It  is  of  greater  importance  that  by  ])lacing  the  concave  surface  toward  the 
eye  and  the  convex  surface  away  from  it  something  of  a  periscopic  effect  can 
be  obtained  by  this  second  lens  allowing  the  eye  to  be  turned  in  different 
directions  without  causing  so  much  obliquity  of  the  visual  axis  to  the  lens 
surfaces.  On  this  account  (2)  will  prove  on 'the  whole  the  most  satisflictory 
for  a  large  ])roportion  of  cases. 

With  reference  to  (3),  it  will  be  noted  that  it  includes  two  cylindrical  sur- 
faces with  their  axes  exactly  perpendicular.    Such  a  lens  is' very  hard  to 
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irrind  sufficiently  accurate  for  ])ractical  purposes,  and  inij)ossil)le  to  grind  with 
theoretic  accuracy.  Its  surfaces,  too,  are  stronger,  and  therefore  cause  more 
aberration.  On  every  account  tliis  form  of  lens,  the  cro.s.^cd  cylinder,  is  to  be 
avoided.  It  has  rarely  been  used  except  for  mixed  astigmatism,  where  it 
gives  weaker  surfaces  than  eith(>r  of  the  sphero-cylindrical  lenses.  But  this 
does  not  com})ensate  for  the  increased  expense  and  necessary  inaccuracy  of 
crossed  cylinders,  and  it  is  better  never  to  employ  them. 

The  following  formulas  will  ilhistrate  this  subject  as  regards  mixed 
astigmatism  : 

(1)  -  1  D.  sph.  O  -I-  2  D.  cvl.  axis  90°  ; 

(2)  -f  1  D.  sph.  O  -  2  D.  cvl.  axis  180°  ; 

(3)  +  1  D.  cyl.  axis  90°  o"-  1  D.  cyl.  axis  180°. 

In  compound  myopic  astigmatism  the  same  thing  holds,  as  the  following 
equivalent  formulas  will  indicate  : 

(1)  -  2  D.  sph.  O  -  2  D.  cyl.  axis  180°  ; 

(2)  -  4  D.  sph.  O  ^  2  D.  cyl.  axis  90°  ; 

(3)  -4D.  cyl.  axis  180°  O- 2D.  cyl.  axis  90°. 

In  simple  astigmatism  the  correction  for  the  better  meridian  is  0  ;  and 
one  element  of  formulas  (2)  and  (3)  becomes  0,  so  that  the  two  become  alike. 
In  simple  hyperopic  astigmatism  we  would  have  the  following: 

(1)  or  (3)  +2D.  cyl.  axis  90°; 

(2)  +  2  D.  sph.  O  -  2  D.  cyl.  axis  180°  ; 

from  Mdiich  one  may  choose  the  simple  cylinder,  which  is  the  cheapest  lens, 
or  the  sphero-cylindrical  lens,  which  gives  the  better  periscopic  effect. 
In  simple  myopic  astigmatism  the  formulas  are  thus  : 

(1)  or  (3)  -  2D.  cyl.  axis  180°  ; 

(2)  -  2  D.  sph.  o  +  2  D.  cyl.  axis  90°. 

Wearing"  Glasses  for  Astigmatism. — The  whole  treatment  of  astig- 
matism consists  in  the  wearing  of  glasses.  Since  astigmatism  interferes  with 
distinctness  of  vision  at  all  distances,  and  since  it  entails,  when  uncorrected, 
a  use  of  the  accommodation  (intircly  diflerent  from  that  of  emmetropic, 
hyperopic,  or  myopic  eyes,  it  is  im])ortant  that  the  lenses  correcting  it  should 
be  worn  constantly.  This  is  essential  in  all  cases  at  first.  Sometimes  a 
patient,  by  wearing  glasses  constantly  acquires  the  habit  of  using  the  accom- 
modation normally  and  can  continue  to  so  use  it  by  sacrificing  something  of 
distinctness  of  vision  on  laying  aside  his  correcting  lenses  at  times  when  the 
eyes  are  not  to  be  especially  taxed.  Such  ])ersons,  after  the  constant  use  of 
cylinders  for  some  time,  are  able  to  do  without  using  them  constantly  when 
the  eves  are  not  employed  on  work  recjuiring  distinct  vision.  In  general, 
however,  a  patient  having  much  astigmatism  may  be  warned  that  he  will 
always  require  the  hclj)  of  correcting  lenses. 

Cylindrical  lenses,  contrary  to  what  is  sometimes  expected,  are  often  dif- 
ficult to  become  accustomed  to,  especially  if  they  are  strong,  if  the  patient  is 
advanced  in  years,  and  if  tiie  axes  of  the  cylinders  before  the  two  eyes  must 
be  turned  in  different  directions.    Strong  cylinders  are  never  satisfactory  at 


230 


NORMAL  AND  ABNORMAL  REFRACTION. 


first.  With  some  persons,  especially  when  past  middle  life,  the  difficulty  of 
becoming  accustomed  to  them  is  so  great  that  they  are  very  likely  to  give  up 
the  attempt.  This  should  be  carefullv  considered  before  ordering  glasses. 
Any  cylindrical  lens  changes  somewhat  the  shape  of  the  retinal  images  and, 
therefore,  the  api)arcnt  shape  of  objects  looked  at.  When  the  axes  are  turned 
in  different  directions  the  distortimi  of  tiie  retinal  images,  corresponding  to 
the  directions  of  the  axes,  differs  in  the  two  eyes,  so  that  it  becomes  difficult 
to  fuse  the  two  impressions  they  make  and  secure  binocular  vision.  These 
unpleasant  effects  may  be  diminished  by  wearing  for  a  time  an  incomplete 
correction  of  the  astigmatism  or  by  bringing  the  lenses  particularly  close  to 
the  eyes. 

Aberration. — A  spherical  lens  does  not  perfectly  focus  the  rays  passing 
through  it.  In  general  it  acts  toward  the  edge  as  a  stronger  lens.  This  may 
be  illustrated  by  the  following  diagram,  which  shows  the  course  of  the 
parallel  rays  as  refracted  by  a  convex  spherical  surface  (Fig.  164).  The  rays 
passing  through  the  center  are  focussed  at /,  the  principal  focus  of  the  lens, 
and  those  passing  through  the  margin  are  focussed  closer  to  the  lens.  The 
unequal  distribution  of  light  in  the  circle  of  diffusion,  its  concentration  to  a 


ring  at  the  edge  and  a  point  at  the  center  of  that  circle,  may  be  studied  with 
a  strong  convex  lens  focussing  light  upon  a  card. 

In  the  human  eye  the  periphery  of  the  crystalline  lens  is  more  convex 
tiian  the  center,  and  acts,  tlierefore,  as  a  stronger  lens  than  the  center,  just  as 
in  the  ordinary  spherical  lens.  The  periphery  of  the  cornea,  on  the  other 
hand,  is  always  more  or  less  flattened.  Within  the  pupil,  in  the  majority  of 
eyes,  the  increased  convexity  of  the  crystalline  lens  predominates,  so  that 
they  present  a  stronger  refraction,  higiier  myo])ia  or  lower  hy])eropia,  at  the 
periphery  of  the  pupil  than  at  its  center.  This  condition  the  writer  has 
called  posifire  aberration.  When  the  opposite  occurs  the  refraction  is 
stronger,  the  myopia  higher  or  the  hyperopia  lower  at  the  center  of  the 
pupil  than  near  its  margin,  constituting  iiec/ative  aberration. 

Aberration  plays  an  important  })art  in  skiascopy,  determining  the  form 
and  size  of  the  light  area  in  the  pupil,  causing  reversal  of  the  movement  of 
light  in  the  periphery  (in  positive  aberration)  to  be  perceived  closer  to  the 
eye  than  the  movement  of  light  at  the  center,  where  it  is  of  more  practical 
imjiortance. 

When  aberration  is  confined  chiefly  to  the  extreme  ]>eriphery  of  the  pupil, 
where  it  is  shut  off  by  the  pupillary  contraction  in  a  strong  light  or  during 
near  work,  it  has  no  influence  on  the  working  power  of  the  eye.  When 
it  begins  near  the  center  of  the  pu])il,  causing  the  eye  to  be  more  hyperopic 
when  the  ])upil  is  contracted  by  a  strong  light  or  for  close  work  than  when 
more  dilated,  it  lias  an  important  influence  in  producing  eye-strain,  and  may 
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be  a  cause  of  error  in  the  selection  of  lenses.  An  eye  with  ])ositive  aberra- 
tion will  often  select  with  the  undilated  i)upil  a  convex  lens  0.25  D.  stronger, 
or  a  concave  0.25  D.  weaker,  than  it  will  accept  while  the  eye  is  fully  under 
the  mydriatic. 

Aberration  is  to  be  recognized  by  skiascopy  and  considered  in  the  choice 
of  lenses.  It  cannot  be  exactly  corrected  by  any  particular  lens,  but  is  some- 
times an  indication  for  the  wearing  of  a  stronger  lens  than  one  which  will  allow 
of  perfect  distant  vision,  such  a  lens  being  found  in  these  cases  decidedly  more 
helpful.  High  negative  aberration  is  sometimes  due  to  increased  refractive 
power  in  the  nucleus  of  the  lens — incipient  senile  cataract — or  to  conical 
cornea. 

Irregular  astigmatism  is  recognized  by  skiascopy,  causing  appearances 
represented  in  Fig.  165  A  and  B.  Traumatism  or  disease  of  the  cornea,  leaving 
irregularities  of  its  surfaces  (Fig.  165,  .1),  tissue-changes  in  the  lens  preceding 
cataract  (Fig.  165,  B),  and  occasionally  faulty  development  of  the  cornea  or  lens, 
cause  irregularities  of  refraction  that  prevent  the  perfect  focussing  of  light  to 
a  point  by  the  dioptric  media.  Such  defects  are  not  capable  of  correction  by 
lenses.  The  eye,  however,  often  presents  w  ithin  the  area  of  the  pupil  small 
areas  in  which  the  refraction  is  comparatively  uniform,  which  areas  may  be 
corrected  by  some  combination  of  lenses,  and  the  vision  and  comfort  of  the 
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Fig.  165.— Appearances  of  irregular  astigmatism  recognized  by  skiascopy. 

patient  thus  be  greatly  improved.  The  practical  thing  to  do  is  to  study  these 
ca.ses  carefully  by  ophthalmometry  and  skiascopy,  and  to  correct  the  most 
regular  portion  of  the  cornea. 

In  a  few  cases,  where  no  lens  can  render  nuich  service,  it  may  be  worth 
while  to  trv  a  stcnopaic  specfar/e.  This  is  an  opaque  disk  in  front  of  the  eye 
with  a  narrow  slit  or,  more  commonly,  a  single  pin-hole  ojiening  in  it.  Such 
an  apparatus  often  gives  a  noticeable  improvement  of  vision,  but  it  is  rarely 
found  verv  serviceable  because  it  interferes  with  the  visual  field. 

Anisometropia. — Some  inequality  in  the  refraction  of  the  two  eyes  is 
the  rule,  and  occasionally  this  is  such  as  to  render  one  eye  hyperopic  and  the 
other  mvopic,  or  one  astigmatic,  while  the  other  is  free  from  astigmatism. 
Such  a  difference  constitutes  ((visovirfropia.  The  importance  of  the  dif- 
ference depends  entirely  on  its  degree,  and  not  on  whether  it  amounts  to  a 
difference  in  the  kind  of  ametro])ia. 

The  general  rule  when  the  difference  is  not  great  is  to  give  each  eye  its 
exact  correction.  If  the  difference  between  the  two  corr(>cting  lenses  is  very 
great,  they  affect  the  size  of  the  retinal  images,  so  that  binocular  vision  be- 
comes difficult.  hen  one  lens  is  much  stronger  than  the  other,  looking 
through  the  periphery  produces  a  (correspondingly  different  ]n'ismatic  effect, 
causing  objects  to  be  seen  double,  or  the  effort  to  use  the  images  falling  on 
the  two  retinas  causes  strain  of  the  extraocular  muscles. 
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For  the  above  reasons  tlie  full  correction  of  anisometropia  cannot  always 
be  practised.  It  is  gcnerallv  safe  to  prescribe  the  correcting  lenses  for  both 
eyes  wlien  these  differ  less  than  I  D.  If  they  differ  not  more  than  2  D.,  they 
will  oenerallv  be  accepted,  althouoh  this  cannot  always  be  assnmed.  If  they 
differ  more  tiian  2  D.,  the  i)atient  will  lind  it  very  ditticnlt  or  impossible  to 
use  them  for  satisfactory  binocular  vision,  although  a  few  persons  will  prefer 
to  have  anisometropia  of  3  or  4  1).  fully  corrected.  When  the  difference  of 
refraction  cannot  be  fully  met  by  difference  of  glasses,  the  rule  is  to  correct  the 
better  eve  and  to  allow  the  worse  eye  the  full  correction  of  its  astigmatism, 
with  a  "spheric^al  lens  ecpial  to  that  of  the  better  eye  or  a  little  stronger. 
Sometimes,  if  both  eyes  have  good  vision,  but  cannot  work  together,  one  may 
be  corrected  for  distant  vision  and  the  other  given  a  lens  that  will  adapt  it 
for  near  seeing.  Congenital  anisometropia  often  gives  little  trouble,  but 
anisometroiiia  coming  on  from  change  in  the  refraction,  as  in  progressive 
mvopia,  is  likely  t()  be  very  annoying.  The  similar  effect  produced  by 
glasses  not  accurately  suited"  to  the'  eyes  is  also  very  annoying.  Acquired 
anisometropia,  particularly  from  0.5  to  2  D.,  is  especially  liable  to  give  rise 
to  squint,  and  its  correction  is  indicated  to  preserve  or  restore  binocular 
vision. 

Presbyopia.' — The  failure  of  accommodation  with  age  leads  finally  to 
complete  inability  to  change  the  optical  condition  of  the  eye,  so  that  only  rays 
of  a  certain  convergence  or  divergence  can  be  focussed  upon  the  retina.  In 
the  great  majority  of  eyes,  which  are  hyperopic,  this  renders  necessary  the 
use  of  convex  lenses  for  near  vision.  For  this  purpose  the  need  of  lenses  is 
felt — the  eye  is  presbyopic; — as  soon  as  the  i)Ower  of  accommodation  has 
diminisiied'so  that  it  is  unequal  to  the  task  of  keeping  the.  crystalline  lens 
convex  enough  to  focus  rays  accurately  on  the  retina  when  the  eye  is  engaged 
in  ordinary  near  work.  When  this  occurs  either  symptoms  of  strain,  such  as 
congestion  and  pain  in  the  eye,  conjunctivitis,  or  headache,  arise,  or  after  the 
effort  has  been  sustained  for  some  time  the  ciliary  mus(!les  suddenly  relax 
and  all  near  objects  become  blurred.  If  the  eyes  are  now  rested  for  a  minute, 
the  ])ower  of  distinct  near  vision  returns,  but  if  the  near  vision  is  continued, 
it  again  fails,  and,  ])ersisting  in  the  attempt,  such  failures  become  more  and 
more  frequent  until  the  effort  is  given  up. 

The  failure  is  first  for  objects  at  the  shortest  distance  from  the  eye,  as 
small  objects  or  fine  print  that  needs  to  be  brought  close  in  order  to  be  seen. 
Objects  that  may  l)e  held  farther  away,  or  the  same  object  in  a  strong  light 
which  will  render  it  distinguishable  at  a  greater  distance,  may  still  be  clearly 
seen,  the  patient  noticing  only  that  he  requires  good  light  and  has  to  hold 
things  farther  from  the  eyes  than  formerly.  Presbyopia  is  caused  first  by 
the  increasing  rigidity  of  the  crystalline  lens,  which  limits  its  tendency  to 
become  more  convex  when  the  tension  of  the  suspensory  ligament  is  removed 
by  contraction  of  the  ciliary  muscle.  Subsequently  the  ciliary  muscle  also 
becomes  weakened  or  undergoes  atrophy,  and  the  power  of  accommodation  is 
completely  lost. 

Presbyo])ia  is  relieved  by  supplementing  the  insufficient  focussing  power 
of  the  crystalline  lens  by  a  convex  lens  of  the  necessary  strength  placed  before 
the  eye.  In  choosing  such  a  lens  it  is  to  be  borne  in  mind  that  we  have  to 
enable  the  eye  not  only  to  see  clearly  at  the  required  distance  for  an  instant, 
but  to  sustain  distinct  vision  at  that  distance  over  periods  of  continuous  use. 
The  maximum  contraction  of  a  muscle  is  always  one  that  cannot  be  long  sus- 
tained ;  hence  the  lens  giving  the  patient  a  near  point  where  he  wishes  to 
^  For  additional  consideration  of  this  subject  see  page  137. 
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work  will  be  insufficient  for  continuous  work.  With  most  persons  only 
two-thirds  of  the  acconiniodation  can  be  long  kept  up.  A  few  can  sustain 
three-fourths  of  it,  but  others,  particularly  young  persons  suffering  from 
weakness  of  accommodation,  can  comfortably  sustain  only  one-half  of  the 
full  amount. 

In  correcting  presbyopia,  then,  we  not  only  find  the  near  point  of  distinct 
vision,  but  from  that  near  point  and  the  refraction  of  the  eye  calculate  the 
total  power  of  accommodation.  Then  assuming  that  two-thirds  of  this 
accommodative  power  is  available  for  continuous  work,  the  difference  be- 
tween that  available  accommodation  and  the  accommodation  required  for  the 
sort  of  near  work  to  be  done  is  the  strength  of  lens  that  should  be  given  to 
correct  the  presbyopia.  This  may  be  illustrated  by  examples  of  different 
errors  of  refraction. 

Suppose,  first,  a  case  of  presbyopia  in  enmietropic  eyes.  The  nearest 
point  of  distinct  vision  being  18  inches  (45.5  cm.),  corresponding  to  2.25  D. 
of  accommodation,  two-thirds  of  this,  which  may  be  assumed  as  available  for 
near  work,  equals  1.5  D.  Now,  if  the  patient  wishes  to  use  the  eyes  for 
ordinary  reading,  writing,  sewing,  etc.  at  a  distance  of  13  inches  (33  cm.), 
where  3D.  of  focussing  power  will  be  required,  3.  —  1.5  D.  =  1.5  D.  will  be 
the  strength  of  the  convex  lens  that  should  be  given  to  supplement  accom- 
modation— to  correct  the  presbyopia.  If  the  patient  has  been  wearing  such 
a  lens  or  one  nearly  as  strong,  and  still  shows  evidence  of  undue  strain  of 
the  eves,  for  near  work,  it  mav  be  that  he  cannot  sustain  two-thirds  of  his 
total  accommodation,  but  requires  the  presbyopic  correction  to  be  made  some- 
what stronger,  as  1.75  -or  2  D.  On  the  other  hand,  if  such  a  patient  has 
been  reading  without  any  lens  and  without  nuich  inconvenience,  it  may  be 
assumed  that  he  can  sustain  more  than  two-thirds  of  his  total  accommodation, 
and  therefore  a  weaker  lens,  as  the  1  or  1.25  D.,  may  be  given. 

Suppose  in  another  case  the  patient  has  hyperopia  of  2D.,  and  a  near 
point  of  distinct  vision  of  16  inches  (40  cm.),  corresponding  to  2.5  D.  of 
focussing  power,  to  which  is  added  the  2D.  needed  to  correct  the  hyperopia, 
making  4.5  D.  of  total  accommodation.  Two-thirds  of  tliis  accommodation, 
or  3  D.,  would  only  correct  his  iiyperopia,  and  leave  1  D.  to  adapt  the  eye 
for  near  vision  at  a  distance  of  1  m.  If  such  a  patient  is  to  work  at  13 
inches  (33  cm.),  where  3  D.  of  focussing  power  is  needed,  he  will  require  the 
help  of  a  lens  equal  to  3  D.,  —  1  D.,  or  2  D.  The  increased  use  for  accom- 
modation will  cause  the  hyperopic  eye  to  suffer  earlier  from  ])resl)yopia  if  it 
lias  not  the  help  of  correcting  lenses  for  the  hypero])ia.  It  will  also  be  noted 
that  with  a  certain  near  point  the  hyperopic  eye  rccjuires  a  stronger  su])ple- 
mentary  lens,  since  that  near  point  represents,  with  a  greater  amount  of 
accomn'iodation,  a  greater  need  for  it.  The  lens  rcfjuired  in  tlie  above  case 
might  be  found  by  correcting  the  hy])eropia  with  a  2  D.  convex  lens,  when  it 
would  be  found  that  the  near  point  was  at  9  inches  (23  cm.)  (4.5  D.  of  accom- 
modation), and  that  two-thirds  of  this  accommodation,  3D.,  would  be  suf- 
ficient for  work  at  13  inches  (33  cm.).  Hence  no  further  correction  for 
presbyopia  would  be  required,  the  correction  of  the  hyperopia  causing  the 
presbyopia  to  disappear. 

By  myopia  the  need  for  a  presbyopic  correction  is  postponed  and  dimin- 
ished. Thus,  an  eye  with  myopia  of  3  D.  will  be  able  to  work  at  13  inches 
(33  cm.)  without  any  lens  and  without  accommodation,  and  for  that  kind  of 
work  will  never  suffer  from  presbyopia.  Take  another  case,  where  the  myo})ia 
is  1  D.  and  the  near  point  found  at  22  inches  (57  cm.),  corresponding  to  1.75  D. 
of  focussing  power ;  subtracting  from  this  1  D.  of  myopia  leaves  0.75  D.  as  the 
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total  accommodation.  Of  tliis  two-thirds,  or  0.5  D.,  being  available  for  near 
work,  is  to  be  added  to  the  1  D.  of  myopia,  making  1.5  D.  of  available 
focussing  power,  and  for  work  to  be  done  at  13  inches  there  will  be  need  in 
addition  for  a  convex  lens  of  1.5  D.  That  is,  in  myopia  of  1  D.,  with  only 
0.75  D.  of  accommodation,  the  same  help  is  required  as  in  emmetropia  with 
accommodation  of  2.25  D.  ^^'ith  myopia,  as  with  hyperopia,  the  total  accom- 
modation may  also  be  found  by  first  correcting  the  myopia  and  then  taking 
the  near  point. 

In  astigmatism  the  accommodation  can  only  be  accurately  determined  by 
taking  the  near  point  after  the  correction  of  the  astigmatism,  and  the  amount 
of  convex  spherical  to  be  added  for  near  work  on  account  of  presbyopia  will 
then  be  determined  as  thougli  the  eye  had  been  originally  emmetropic.  Some- 
times in  giving  lenses  for  presbyojiia  with  astigmatism,  while  the  concave 
cylinder  is  better  for  distance,  the  convex  cylinder  with  its  axis  turned  at 
right  angles  is  better  for  near  work.  Suppose  a  case  of  simple  myopic  astig- 
matism requires  for  its  correction  —  1.5  D.,  cylinder  axis  180°,  and  with  this 
correction  before  the  eye  tlie  near  ])oint  is  18  inches  (46  cm.),  the  accom- 
modation 2.25  D.  The  splierical  to  be  added  for  near  work  at  13  inches  (33 
cm.)  would  be  1.5  D.,  and  a  convex  1.5  D.  spherical,  combined  with  the 
concave  1.5  D.,  cylinder  axis  180°,  is  the  optical  equivalent  of  the  convex 
1.5  D.,  cylinder  axis  90°.  For  distant  vision  such  an  eye  may  be  given 
—  1.5  D.,  cylinder  axis  180°,  and  for  near  vision  +  1.5  D.,  cylinder  axis  90°. 

Course. — Presbyopia  usually  begins  between  the  ages  of  forty  and  fifty. 
\¥ith  hvperopia,  which  may  have  given  no  earlier  evidence  of  its  presence,  it 
begins  younger  ;  with  myopia,  later  or  not  at  all.  Even  with  emmetropic 
eyes  the  increasing  rigidity  of  the  lens  may  require  the  use  of  convex  glasses 
before  the  age  of  forty,  and  with  a  few  the  need  of  a  presbyobic  correction  is 
deferred  until  after  the  age  of  fifty. 

In  all  cases  after  it  lias  begun  presbyopia  is  progressive.  The  power  of 
accommodation  continues  to  diminish  until  it  is  entirely  lost,  and  such  dimi- 
nution causes  the  necessity  for  increasing  the  strength  of  the  supplementary 
lenses — the  presbyopic  correction.  Generally,  the  lenses  should  be  changed 
often  enough  to  have  a  difference  of  not  more  than  0.75  D.,  or  about  once 
every  two  or  tiiree  years  from  forty-five  to  fifty-five.  Most  patients  retjuire 
the  same  correction  for  ])resbyopia  for  both  eyes.  In  a  few  cases  this  is  not 
so,  the  accommodation  failing  faster  in  one  eye  than  in  the  other,  and  re- 
quiring a  correspondingly  stronger  supplementary  lens.  In  such  cases  the 
eyes  should  be  repeatedly  tested  to  make  sure  that  there  is  actually  a  diflPer- 
ence  between  thorn,  and  tlie  tests  rcjieated  at  short  intervals. 

The  Mounting  of  Glasses. — Lenses  are  commonly  supported  before  the 
eyes  by  spectacle  or  eye-glass  (pince-nez)  frames.  The  former  have  the  advan- 
tage of  more  rigidly  fixing  the  position  of  the  lens  before  the  eye.  The  latter 
are  more  readily  removable  when  the  lenses  are  not  required  for  constant  use. 
The  proper  a<ljustment  of  the  frames  is  a  matter  of  much  imjiortance,  since 
the  right  lens  in  the  wrong  position  does  not  have  its  proper  effect,  and  may 
he  entirely  unsatisfactory  (sec  jxigcs  236-240). 

The  Period  of  Adaptation.— AYeak  lenses,  less  than  1  D.,  may  prove 
satisfactory  and  comfortable  from  the  start  or  within  a  few  days  after  begin- 
ning to  wear  them,  (.'iiildrcn  may  become  accustomed  to  even  strong  lenses 
in  a  very  few  days.  Correcting  lenses  will  generally  be  accepted  ^vithout 
complaint  when  the  eye  is  kej)t  for  some  time  under  the  influence  of  a 
mydriatic.  But,  apart  from  these  exceptions,  lenses  are  rarely  accepted  with 
entire  comfort  at  first. 
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The  period  of  adaj^tation  during  which  the  first  discomfort  diminishes  and 
passes  away  may  last  from  two  to  six  weeks,  or  even  longer ;  during  this 
period  convex  lenses  are  likely  to  cause  blurring  of  distant  vision,  concaves 
render  near  work  noticeably  more  fatiguing,  and  cylinders  cause  distortion  • 
of  objects  and  an  indefinite  discomfort.  These  unpleasant  effects  may  from 
the  start  be  more  than  balanced  by  the  benefits  experienced,  yet  it  is  prudent 
in  all  cases  to  warn  the  patient  that  some  weeks  must  elapse  before  the  glasses 
can  be  expected  to  do  their  best.  With  such  a  warning  most  people  encounter 
the  necessary  difficulties  without  loss  of  confidence.  But  if  permitted  to  put 
on  the  glasses  expecting  immediate  satisfaction,  they  become  disappointed, 
lose  faith  in  the  prescriber,  and  are  likely  to  refuse  to  give  them  a  fair  trial. 
The  good  of  the  patient  and  the  reputation  of  tlie  surgeon  both  demand  that 
a  careful  explanation  of  the  period  of  adaptation  should  be  given  when  the 
glasses  are  prescribed. 
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A  SPEOTAOLE-LEXS  should  be  SO  ])la('ed  tliat,  in  use,  tlie  line  of  sight 
passes  throuirh  the  optical  center  })erpendicu]ar  to  tiie  jilane  in  which  the 
glass  lies.  These  simple  conditions  would  be  extremely  easy  to  satisfy  were 
it  not  for  the  fact  that  the  organ  of  vision  must  of  necessity  be  extremely 
active  and  mobile.  The  eyeball  may,  in  fact,  be  rolled  in  its  socket  about 
60°  in  every  direction  from  a  point  immediately  in  its  front,  wdiile  movements 
of  the  head,  or  even  of  the  entire  body,  are  constantly  called  in  requisition  as 
greater  range  of  vision  is  required.  These  facts  destroy  at  once  the  possi- 
bility of  so  placing  a  glass  that  its  center  may  be  coincident  with,  and  its 
plane  be  perpendicular  to,  the  line  of  sight  under  all  circumstances.  Only  a 
glass  fastened  to  the  eye  and  moving  with  it  could  fulfil  these  conditions. 

Though  the  glass  cannot  be  attached  to  the  eye,  it  can  be  and  is  attached 
to  the  head,  which,  as  has  been  noted,  is  nearly  constantly  in  motion,  seconding 
the  activity  of  the  eyes.  The  necessity  of  looking  through  the  center  of  the 
glass  limits  for  the  wearer  the  range  of  the  eyes  in  their  sockets,  and  increases 
in  a  corresponding  degree  the  excursions  made  by  the  head.  This  augmented 
head-motion,  which  can  be  noticed  in  almost  all  wearers  of  glasses,  arises 
partly  also  from  the  effort  to  bring  the  plane  of  the  lenses  perpendicular  to 
the  line  of  sight.  The  only  exception  to  these  statements  is  in  the  case  of  a 
person  who  is  wearing  a  glass  which  under-corrects  his  ametropia,  and  who 
looks  through  it  obliciuely  in  order  to  increase  its  refractive  effect.  The  more 
exactly  the  glass  and  frame  are  fitted  to  the  requirements  of  the  case,  the  less 
of  this  auxiliary  head-movement  will  be  required  ;  some  increase  in  it  must, 
howev^er,  be  accepted  as  oue  of  the  concomitants  of  wearing  spectacles.  When 
a  person  with  glasses  raises  his  head  continually,  markedly  elevates  or  de- 
presses his  chin,  or  forcibly  twists  his  s))ectacle  frame  in  his  fingers,  he  is 
instinctively  seeking  to  correct  faulty  refraction  or  faultv  frame-fitting. 

Spectacles  are  ordered  to  be  worn  either  constantly,  or  for  near  work  onlv, 
or  for  distant  vision  only.  It  will  be  readily  understood  that  the  circumstances 
under  whicii  near  work  is  usually  done  admit  of  the  most  exact  adjustment 
of  the  glass.  Such  work  is  usually  held  in  the  hands  or  occupies  a  desk  or 
bench  having  a  fixed  position  relative  to  the  workman.  It  is  below  the  level 
of  his  eyes  and  within  reach  of  his  hands,  and  only  slight  excursions  of  the 
eyes  are  required  in  its  performance.  As  the  line  of  sight  is  directed  down- 
ward, the  "  near"  glass  Fig,  166)  must  be  placed  below  the  level  of  the 
eye  ;  at  least  its  optical  center  nnist  be  so  j^laced.  It  must  face  strongly  down- 
ward in  order  to  bring  its  plane  perpendicular  to  the  line  of  sight "(6).  It 
should  face  slightly  inward  for  the  same  ])urpose,  since  the  visual  axes 
converge  in  near  vision.  This  convergence  necessitates,  further,  that  the 
optical  centers  of  tlie  glasses  shall  be  placed  from  4  to  6  mm.  nearer  together 

236 


ADJUSTMENT  OF  SPECTACLi:- LENSES. 


237 


Fig.  166.— Showing  position  of  lenses  before  eye. 


tlian  are  the  centers  of  the  pupils,  since  the  visual  axes  would  otherwise  pass 
to  their  inner  sides.  If  an  isosceles  triangle  is  constructed  with  the  inter- 
pupillary  distance  as  its  base,  and  the  visual  axes,  directed  toward  a  near 
object,  as  its  remaining  sides,  it  will  be  apparent  that  the  farther  from  the 
eyes  a  pair  of  glasses  stand  and  the  nearer  to  the  eyes  the  work  is  situated,  the 
less  should  be  the  distance  between  the  optical  centers  of  the  glasses.  The  })re- 
cise  distance  between  optical  centers  which  any  given  case  may  require  may 
thus  be  determined. 

In  "  distant"  vision  the  gaze  may  be  directed  toward  any  point  of  the  hori- 
zon or  firmament,  and  yet,  practically,  the  relation  of  the  line  of  sight  to  the 
face,  and  consequently  to  glasses  at- 
tached to  the  face,  does  not  vary 
greatly.  A  distant  object  would  have 
to  change  its  position  considerably  in 
order  to  move  throuo-li  five  detrrees 
of  one's  field  of  view.  Hence  rapid 
changes  in  the  direction  of  the  line 
of  sight  are  seldom  required.  Ample 
time  is  afforded  for  whatever  adjust- 
ments of  the  head  and  trunk  may 
be  necessary.  Distant  vision  usually 
takes  place,  therefore,  with  the  visual 
axes  directed  forward  perjiendicular 
to  the  plane  of  the  face  {a,  Fig.  1 66). 
When  glasses  are  ordered  for  this  use 
alone  they  should  have  optical  centers 
separated  by  the  same  interval  as  that  between  the  pupils  (since  they  will  not 
be  used  during  convergence),  and  should  face  directly  forward,  lying  in  a  plane 
parallel  to  the  general  plane  of  the  face  (c/.  Fig.  166).  The  optical  centers 
of  the  lenses  should  stand  at  the  same  height  as  the  pupils. 

In  the  greater  number  of  cases  the  spectacles  prescribed  are  intended  for 
constant  use — that  is,  the  wearer  will  need  them  as  well  in  viewing  distant 
objects  as  in  work  near  at  hand.  It  is  evident  that  to  place  the  lenses  in  the 
exact  position  desirable  for  either  of  these  purjioscs  would  render  their  use 
awkward  for  the  other.  In  the  height  of  the  optical  centers  as  well  as  in 
their  distance  from  each  other,  and  in  the  facing  of  the  glass,  we  are  therefore 
forced  to  place  "constant"  glasses  in  a  position  intermediate  between  that 
best  for  distant  vision  and  that  best  for  near  work.  This  intermediate  jiosi- 
tion  is  selected,  not  at  all  because  these  glasses  are  used  at  an  intermediate 
distance,  but  because  from  this  position  they  may  be  readily  shifted,  at  least 
ajiproximately,  by  a  motion  of  the  head  into  either  of  the  other  positions. 
The  distance  between  the  o})tical  centers  of  "  near  "  glasses  should  be  from  4 
to  6  mm.  less  than  are  the  centers  of  the  "  distant  "  glasses  intended  for  the 
same  patient.  This  dimension  is,  of  course,  unaffected  by  movements  of  the 
head.  Nevertheless,  in  order  to  reduce  the  unavoidable  discrepancy  to  the 
minimum,  the  distance  between  the  centers  of  the  "constant"  glasses  should 
be  2  or  3  mm.  less  than  that  proper  for  the  "  distant"  glasses.  By  a  similar 
concession  the  "constant  "  glass  is  faced  moderately  downward  and  its  centers 
placed  somewhat  lower  than  those  of  the  "  distant  "  glass,  but  not  so  low  as 
those  of  the  "near"  glass. 

In  this  connection  the  occupation  of  the  patient  should  be  considered.  A 
seamstress  or  l)ookkceper,  for  instance,  if  wearing  a  glass  constantly  should 
have  it  adjusted  almost  like  a  "  near"  glass,  while  })ersons  engaged  in  outdoor 
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occupations  will  require  an  adjustment  much  nearer  that  proper  for  a  "dis- 
tant" glass. 

The  greater  the  strength  of  the  prescribed  lens  the  more  necessary  is 
attention  to  these  details,  since  the  effect  of  slight  obliquity  of  the  lens  to  the 
visual  axis  is  greater  in  stronger  lenses,  as  is  also  the  effect  of  decentration. 
In  bifocal  glasses,  therefore,  in  which  there  is  both  a  stronger  and  a  weaker 
lens,  the  former  must  dominate  the  position  of  the  spectacles.  Convex  bifo- 
cals in  which  the  "  near  "  element  is  the  stronger  should,  therefore,  approach 
the  "near"  spectacles  in  position,  while  concave  bifocals  are  placed  more 
nearly  like  a  "  distant "  glass,  as  the  "  distant "  element  is  here  the  stronger. 

A  spectacle  frajiie  is  a  kind  of  tripod,  its  points  of  sup])ort  being  the  top 
of  each  ear  and  the  bridge  of  the  nose.  It  is  not  possible  to  make  an  indif- 
ferently selected  point  on  the  bridge  of  the  nose  serve  as  the  support  of 
spectacles.  Nearly  always  it  will  be  found  that  there  is  one  particular  ])oint 
at  which  they  tend  to  rest.  In  adapting  spectacles  to  any  given  face,  tliere- 
fore,  the  problem  is  to  bring  the  optical  centers  to  the  position  previously 
determined  that  they  should  occupy  with  reference  to  the  eyes,  while  at  the 
same  time  their  support  is  placed  at  this  best  adapted  point  on  the  crest  of  the 
nose.  The  sj)cctacle  bridge  known  as  the  "  saddle  "  bridge  is  the  only  one 
which  allows  of  unlimited  variation  in  the  relation  of  these  two  points. 

In  fitting  a  frame  to  the  face  the  curved  portion  of  the  bridge  between  a 
and  b,  Fig.  IGT,  should  be  adapted  to  the  bones  of  the  nose  at  the  point  at 


Fig.  167.-Saddle  bridge.  Fig.  168.— Saddle  bridge. 

whicih  it  is  supported.  Having  once  received  the  proper  shape,  this  portion 
of  the  bridge  should  not  be  altered,  as  its  only  function  is  to  furnish  a  firm, 
equally  pressing  support  for  the  "  arms  "  c  and  (/,  by  means  of  which  the 
centers  of  the  glasses  may  be  carried  higher  or  lower  on  the  face  or  the  dis- 
tance between  them  varied.  These  variations  are  accom])lished  by  alterations 
in  the  angles  of  the  wire  at  a  and  The  length  of  the  arms  c  and  d  governs 
the  distance  of  the  glasses  from  the  eyes. 

In  prescribing  or  recording  the  measurements  of  a  spectacle  frame  it  is 
sufficient  to  give  the  distance  between  the  centers  of  the  glasses,  with  the 
height,  depth,  and  width  of  the  bridge.  The  height  is  the  distance  of  Ii,  Fig, 
16<S  (the  top  of  the  bridge)  above  the  line  o  o,  joining  the  centers  of  the  glasses  ; 
hence  the  distance  from  //  to  r/.  The  depth  is  the  distance  between  the  top  of 
the  bridge  (/,  Fig.  107)  and  the  ]K)int  e  on  the  plane  in  which  the  glasses  lie. 
This  distan(!e  may  be  a  negative  one— that  is, /may  be  back  of  e.  In  the 
former  instance  the  measurement  is  recorded  as  out,  in  the  latter  in.stance  as  in. 
The  width  of  the  base  of  the  bridge  is  the  distance  between  a  and  b.  The 
measurements  of  a  spectacle  front  may,  therefore,  be  recorded  in  a  sino-le 
line,  for  example  :  "  ^ 

60  mm.  X  5  mm.  up  X  3mm.  out  X  20  mm.  base. 

The  direction  in  which  the  front  of  a  sj)ectacle  faces  depends  on  the  angle 
which  it  forms  with  the  side  pieces  or  temples.    If  these  latter  are  inclined 


METHODS  OF  TESTING  LENSES. 


239 


toward  the  bottom  of  the  frame,  the  glasses  wlien  in  use  will  face  downward. 
It  should  he  remembered  that  hook  temi)les  are  simply  hooks.  They  cannot, 
with  comfort,  be  made  to  exert  the  force  of  a  spring  or  a  clamp  uj^on  the 
skin.  Tiiey  should  touch  the  skin  throughout  the  greatest  possible  portion 
of  their  extent,  so  as  to  distribute  the  weight  tiiey  carry,  and  should  not  be 
allowed  to  press  unequally  owing  to  inequalities  of  the  surface.  Their  proper 
form  is  a  straight  line  from  the  hinge  of  the  frame  to  the  top  of  the  ear, 
where  a  shar})  (uirve  joins  that  portion  which  is  accurately  fitted  to  the  back 
of  the  ear,  with  whicli  it  is  in  contact. 

In  eye-glasses  (i)ince-nez)  the  same  adaptability  to  differently  proportioned 
foces  is  found  in  the  "  offset  guard,"  which  in  spectacles  is  attained  by  means 
of  the  "  saddle  bridge."  The  nose-pieces  of  these  guards  should  be  accurately 
moulded  in  every  case  to  the  sides  of  the  nose  at  the  point  where  they  obtain 
the  best  bearing  surface.  Fixed  points  of  support  for  the  lenses  are  thus  ob- 
tained. The  height  of  the  lenses  before  the  eyes  will  now  depend  on  the  point 
of  attachment  of  the  "  arm  "  of  the  guard  to  the  nose-pieces.    In  Fig.  109,  for 


Fig.  169.— Guards  of  eye-glasses. 

example,  the  guard  marked  h  will  carry  the  lenses  higher  than  the  one 
marked  e.  The  direction  in  which  the  lenses  face  is  controlled  by  the  size  of 
the  angle  in  the  arm  of  the  guard.  Thus,  in  the  figure,  at  a  the  arm  has  a 
right  angle  and  will  render  the  plane  of  the  lenses  nearly  vertical  ;  that  is, 
the  latter  will  face  directly  forward,  while  at  b  the  angle  is  greater  than  a 
right  angle,  and  the  glasses  will  face  more  downward. 

The  distance  of  the  glasses  from  the  eyes  depends  upon  the  length  of  this 
arm  of  the  guard.  The  longer  it  is,  the  farther  forward  the  glasses  will  be 
held  ;  d  and  //,  in  the  figure,  have  longer  arms  than  a  or  b.  Variations  in 
the  distance  between  the  centers  of  the  lenses  may  to  a  limited  extent  be  pro- 
cured by  an  arm  which  is  bent  so  that  its  free  end  does  not  lie  in  the  same 
plane  as  the  nose-])iece.  If  greater  latitude  is  re(]uired  it  must  be  ])rocured 
by  variation  in  the  transverse  diameter  of  the  lens  used,  or  by  alteration  of 
the  length  of  the  "  stud "  which  connects  the  lens  with  the  guard. 

Methods  of  Testing  I^enses. — To  ensure  accuracy  and  comfort,  spec- 
tacles, before  being  worn,  should  mvariably  be  critically  examined  as  to  the 
strength  of  the  lenses  and  the  fit  of  the  frame. 

The  most  convenient  method  of  determining  the  strength  of  lenses  is  the 
well-known  one  of  neutralization  by  means  of  the  test-case  lenses  of  known 
strength.  In  practising  this  manneuver  the  lens  is  held  about  a  foot  before 
the  eve  and  an  object  several  yards  away  is  sighted.  On  moving  the  lens 
slowlv  across  the  line  of  sight  the  object  seen  through  it  appears  to  move  also. 
In  the  case  of  convex  len.ses  this  apparent  movement  is  in  a  direction  contrary 
to  the  motion  imparted  to  the  lens,  or,  in  the  language  of  the  refraction  room, 
is  "  against  it."  VV^ith  concave  lenses  the  ap])arent  movement  of  the  object  is 
in  the  same  direction  as  the  movement  of  the  lens,  or  "  with  it."  If  a  convex 
and  a  concave  lens  of  equal  strength  are  held  together,  all  this  apparent  move- 
ment ceases  ;  they  "  neutralize"  each  other.    The  surgeon  is,  therefore,  able 
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to  quicklv  discover  the  strengtli  of  an  unknown  spherical  lens  by  trying  it 
with  lenses  of  the  opposite  sign  until  that  one  is  found  which  causes  all  move- 
ment of  the  object  to  cease.  The  strength  of  tiiis  lens  is  the  same  as  that  of 
the  unknown  one. 

A  ci/limlrical  lem  is  recognized  by  the  fact  that  that  portion  of  a  vertical 
line  seen  through  it  assumes  an  ()bii(iue  position  when  the  lens  is  rotated 
about  its  optic  axis  {<(,  Fig.  1  70).  If  the  rotation  of  the  lens  is  continued,  the 
motion  of  the  displaced  i)ortion  of  the  line  is  reversed  and  its  continuity  is 
restored,  as  at  6.  This  appearance  is,  therefore,  presented  in  two  positions  of 
the  cvlindrical  lens.  In  one  position  the  vertical  line  marks  the  axis  of  the 
cvlindcr  ;  in  the  other  the  line  is  at  a  right  angle  to  the  axis.  To  locate  the 
axis  an  object  presenting  crossed  lines,  as  at  c.  Fig.  171,  is  selected  ;  the  lens  is 
so  held  that  each  line  appears  unbroken  and  is  first  moved  horizontally,  then 
vertically.  The  line  across  which  motion  is  apparent  marks  the  axis  of  the 
cylinder!    The  cylindrical  lens  of  the  opposite  sign  which  neutralizes  this 


Fig.  170.— Method  of  testing  cylindrical  lenses.  Fig.  171.— Method  of  testing  sphero-cj'lindrical  and 

prismatic  lenses. 


motion  discloses  the  streno-th  of  the  cvlinder  under  examination.  Care  must 
be  taken  that  the  axes  of  the  two  coincide. 

In  a  Hphero-cijliiidrical  lens  the  cylindrical  element  is  recognized  by  its 
causing  on  rotation  an  apparent  obliquity  of  a  portion  of  a  vertical  line,  just 
as  did  the  simple  cylinder.  On  viewing  the  crossed  lines,  c,  however,  and 
moving  the  lens  first  horizontally,  tlien  vertically,  apparent  motion  of  the 
object  is  imj)arted  in  both  directions,  but  in  one  it  is  more  rapid  than  in  the 
other.  In  neutralizing,  the  least  rapid  movement  may  be  first  obliterated  by 
means  of  a  spherical  lens.  This  gives  the  strength  of  the  sphere  in  the  com- 
bination. Holding  these  two  together,  one  proceeds  to  neutralize  the  cylin- 
drical element  by  means  of  a  cylinder  of  opposite  sign,  precisely  as  though  no 
sphere  were  present. 

On  rotating  a  prismatic  lens  about  one's  line  of  sight  an  apparent  dis- 
placement of  a  vertical  line  takes  place,  as  at  d,  Fig.  171.  When  the  line  is 
continuous  it  marks  the  base-apex  line  of  the  prism.  At  right  angles  to  this 
is  the  meridian  of  maximum  disjilacement.  The  prism  being  held  at  one 
meter's  distance  from  the  object,  each  centimeter  of  apparent  displacement  of 
the  line  shows  one  centrad  of  strength  in  the  prism. 

The  opticed  center  of  a  lens  is  located  by  using  crossed  lines,  as  at  c,  Fig. 
171,  except  that  for  this  purpose  the  lens  is  held  within  about  a  foot  and  the 
lines  should  be  fine.  When  each  of  the  lines  is  continuous  their  crossing 
point  marks  the  optical  center. 

The  distance  between  centers  being  found  correct  and  a  final  inspection 
disclosing  no  flaws  or  scratches  in  the  glass,  no  bends  of  the  frame,  or  want 
of  symmetry  between  its  two  sides,  the  spectacles  are  ready  for  the  wearer. 


DISEASES  OF  THE  EYELIDS. 

By  B.  L.  MILLIKIN,  M.  D., 

OF  CLEVELAND,  OHIO. 


Congenital  Anomalies. — Partial  or  complete  absence  of  the  eyelids 
(ab/cpharia)  is  occasionally  met  with  as  a  congenital  defect.  It  may  occur 
in  one  or  both  eves. 

Lagophthalmos  is  a  defect  in  which  the  eyelids  are  wanting  and  the 
orbit  is  divested  of  any  covering  for  the  globe.  An  abnormal  shortness  of 
the  lids,  which  prevents  their  fully  covering  the  eyeball,  has  been  similarly, 
and  perhaps  more  correctly,  so  designated  by  many  authors. 

Cryptophthalmos  is  a  condition  in  which  the  eyeball  is  completely  con- 
cealed by  the  skin,  which  is  stretched  over  the  orbital  cavity.  Sometimes 
the  eyeball  is  absent.  Under  the  latter  circumstances,  however,  the  name  is 
not  an  accurate  one. 

Cleft-eyelid  {oohhoma  palpebne)  is  a  congenital  defect  in  which  there 
is  a  fissure  of  the  lid,  usually  triangular,  with  the  l)ase  toward  the  ciliary 
margin.  The  fissure  may  exist  in  either  the  upper  or  lower  lid,  the  former 
being  the  usual  seat.  It  has  also  been  reported  in  the  upper  and  lower  lids 
on  each  side.  The  cleft  involves  the  entire  thickness  of  the  eyelid  and  is 
rounded  off  at  its  margins.  It  occurs  oftener  with  cases  of  hare-lip  than  with 
anomalies  of  the  eveball  itself. 

Symblepharon  is  a  condition  of  union,  either  partial  or  complete,  between 
the  eyeball  and  the  lids. 

Another  unusual  congenital  anomaly  is  a  union  between  the  margins  of 
the  lid-borders  (ankyloblepharon).  This  attachment  may  be  thread-like  or 
involve  a  considerable  iutermarginal  surface.  The  external  angles  of  the  lids 
may  be  adherent,  producing  the  defect  knoM'u  as  blepharophimosis,  result- 
ing in  a  shortening  of  the  j)alj)ebral  opening. 

Ectropion  is  an  eversiou  of  tiio  edges  of  the  eyelids,  frequently  accompa- 
nied by  enlargement  of  the  eyeball. 

Entropion  is  an  inversion  of  the  edges  of  the  lids,  and  is  usually  asso- 
ciated with  the  incurving  of  the  lashes — a  condition  known  as  distichiasis. 

Epicanthus  is  an  unusual  congenital  anomaly  caused  by  a  fold  of  skin 
which  stretches  across  the  inner  ])alpebral  space  coiuiecting  tlie  eyebrow  with 
the  bridge  of  the  nose,  the  fold  thus  (!overing  all  the  structures  located  at  the 
inner  canthus.  It  is  generally  bilateral,  and  gives  rise  to,  or  is  associated 
with,  a  flattening  of  the  bridge  of  the  nose.  Slight  degrees  of  it  may  exist  in 
children  at  birth,  and  with  the  development  of  the  nasal  bones  this  deformity 
gradually  passes  away. 

Associated  with  c])icanthus  may  be  microphthalmos  (sometimes  only 
apparent  on  account  of  the  diminished  palpebral  ojiening),  strabismus,  droop- 
ing of  the  upper  lid,  and  anomalies  of  the  lachrymal  passages. 

Ej)icanthus  may  be  remedied  by  an  operation  in  which  the  redundant 
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skin  is  removed  from  the  bridge  of  tlie  nose  and  the  edges  of  the  wound 
brought  together  with  sutures. 

Congenital  ptosis  is  a  drooping  of  the  up])er  lid  over  the  eyeball.  It 
mav  be  on  one  side  or  bihiteral,  and  never  amounts  to  complete  closure  of  the 
lids.  In  this  condition  tliere  is  inability  to  raise  the  eyelid  except  by  wrink- 
ling the  forehead  through  the  action  of  the  occipito-frontalis  muscle.  The 
anomalv  is  not  infrecpiently  associated  with  other  malformations,  as  epican- 
thus,  j)aralysis  of  the  eye-muscles,  etc.  It  may  be  corrected  by  operative 
procedures,  described  on  ])age  557. 

l^rythema  of  the  lids  is  a  form  of  hyperemia  of  the  skin,  usually  due 
to  external  irritation,  such  as  burns,  traumatism,  and  poisoning,  or  it  may  be 
indicative  of  some  svstemic  disturbance.  It  is  often  well  marked  in  inflam- 
matory  conditions  of  the  eye. 

Treatment  will  depend  largely  U])on  the  cause,  the  erythema  often  dis- 
apj)earing  with  the  cure  of  the  primary  lesion.  Locally,  soothing  lotions, 
lead-water  or  extract  of  hamamelis,  will  be  all  that  is  required. 

^Erysipelas  is  rarely,  if  ever,  a  primary  aifection  of  the  lids.  It  usually 
develops  from  a  similar  lesion  of  the  face.  The  danger  in  this  disease  is  that 
it  may  involve  the  deeper  tissues  of  the  orbit,  affecting  the  retina  or  the  optic 
nerve,  and  thus  eventuate  in  blindness.  In  severe  cases  it  may  produce 
sloughing  of  the  eyelids,  with  consequent  deformity.  The  disease  is  cha- 
racterized by  great  swelling,  increased  tension  of  the  lids,  smooth  and 
brawny  skin,  deep  redness,  and  the  formation  of  vesicles  or  abscesses. 

The  treatment,  both  local  and  general,  must  be  such  as  is  usually  adopted 
for  erysipelas  in  other  portions  of  the  body. 

Abscess  of  the  lid  (phlegmon)  is  characterized  by  an  acute  swelling  of 
the  eyelid,  somewhat  localized,  indurated  in  the  central  portion,  accompanied 
by  much  redness  of  the  skin,  heat,  throbbing  pain,  malaise,  and  fever.  The 
swelling  is  frequently  very  marked,  the  skin  toward  the  height  of  the  inflam- 
matory stage  in  the  severer  cases  often  presenting  a  brawny  ajipearance. 
Abscesses  result  from  external  injuries,  from  disease  of  the  orbital  walls,  or 
they  may  arise  from  infectious  causes  or  occur  during  illness — e.  g.  influenza. 
The  tendency  for  the  abscess  to  "point"  is  quite  characteristic.  Abscesses 
occasionally  lead  to  extensive  sloughing  of  the  lid-tissues,  and  when  they  are 
not  early  opened  they  may  result  in  lagophthalmos,  ectropion,  etc. 

Treatment. — In  the  early  stage  ice-packs  may  sometimes  abort  the 
development  of  the  abscess.  Should  the  inflammation  continue  to  increase, 
recourse  should  be  had  to  hot  packs  and  poultices  to  hasten  the  "  pointing." 
As  soon  as  there  is  evidence  of  pus  a  free  opening  should  be  made  into  the 
center  of  the  induration  and  deep  enough  to  give  vent  to  the  pus.  In  mak- 
ing the  incision  care  should  be  exercised  that  the  fibers  of  the  orbicularis  are 
not  cut  across.  The  abscess-cavity  may  be  washed  out  with  peroxid  of 
hydrogen  or  l)ichlorid  solution,  1  to  2000,  until  recovery  takes  place. 

Furuncles  and  carbuncles  are  rare.  With  them  develops  a  "  core  " 
or  central  slough.  Otherwise  they  present  the  same  symptoms  as  an  abscess 
and  require  similar  treatment. 

Anthrax  pustule  {malignant  pustule)  is  a  specific,  infectious  disease, 
due  to  inoculation  by  the  poison  of  anthrax  (hacillus  anthra.ci,s),  and  is  generallv 
transferred  to  man  from  animals  affected  with  the  disease.  Usually  it  occurs 
in  persons  working  among  animals,  as  hostlers,  tanners,  farriers,  butchers, 
shepherds,  etc.  The  disease  is  characterized  by  marked  edema,  redness' 
heat,  pain,  localized  hardness  or  induration,  the  last  indicating  the  point  of 
infection.    In  malignant  pustule,  as  in  erysipelas,  there  may  be  very  exten- 
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sive  sloughing  of  the  eyelid,  producing  at  times  a  condition  of  lagophthalmos. 
After  sloughing  of  the  lids  the  ciliary  margins  alone  may  remain  intact  on 
account  of  the  rich  vascular  supply.  Tliere  is  usually  marked  general  de- 
pression, with  fever.  By  absorption  of  the  anthrax  poison  into  the  deeper 
tissues  orbital  cellulitis,  or  even  meningitis,  may  ensue  with  fatal  results. 

Treatment. — This  nuist  be  governed  by  general  surgical  principles.  As 
soon  as  there  is  any  evidence  of  pus  the  swelling  should  be  freely  opened, 
with  one  or  more  deep  incisions,  in  order  to  prevent  infiltration  and  possible 
involvement  of  the  deeper  structures  of  the  orbit.  The  incision,  followed  by 
hot  poultices  or  by  compresses  of  absorbent  cotton  or  gauze,  wrung  out  of  hot 
bichlorid-of-mercury  solution,  1  to  2000  or  1  to  5000,  will  be  very  efficient. 
The  administration  of  iron  and  quinin,  tonics,  stimulants,  and  good  diet  is 
of  decided  value. 

In  cases  of  extensive  sloughing  of  the  skin  of  the  lids  marked  lago])h- 
thalmos  and  ectropion  can  be  prevented  by  fastening  the  remaining  marginal 
portion  of  the  lid  to  its  fellow  by  two  or  three  stitches  The  gramilar  sur- 
face may  then  be  treated  with  repeated  skin-grafts  applied  according  to  the 
Thiersch-method.  If  this  method  cannot  be  followed,  then  the  proper  plas- 
tic operative  procedures  for  these  deformities  must  be  undertaken,  as  indicated 
on  page  555. 

IJlcers  of  the  lids  may  be  due  to  contusions,  burns,  and  various  injuries, 
as  well  as  to  lupus,  scrofula,  syphilis,  and  herpes.  The  symptoms  will  vary 
with  the  cause ;  likewise  the  treatment. 

Hordeolum  {Stye). — According  to  the  location,  hordeolum  may  be 
hordeolum  externum  or  hordeolum  internum.  Hordeolum  externum  is  an 
acute  inflammation  of  one  or  more  of  the  glands  of  the  hair-follicles.  Horde- 
olum internum  is  an  acute  inflammation  of  the  Meibomian  glands.  In  other 
words,  hordeolum  or  stye  is  a  circumscribed  inflammatory  process,  and  is  due 
to  infection  of  the  sebaceous  glands  or  connective  tissues  of  the  lid,  usually 
associated  with  the  staphylococcus  pyogenes  aureus  or  albus. 

Symptoms. — These  are  rapid  edema  of  the  lids,  redness  and  tenderness 
coming  on  after  a  short  time — a  day  or  two — often  quite  severe  pain,  and 
sometimes  fever  and  general  disturbance.  A  hard  lump  or  point  of  indu- 
ration is  felt  at  the  seat  of  inflammation.  Within  a  few  days  the  color  of 
the  tissue  over  the  stye  changes  from  a  red  to  a  yellow  hue,  and  the 
abscess  "points."  If  allowed  to  take  its  course,  the  abscess-sac  ruptures, 
the  pus  escapes,  and  the  symptoms  rapidly  abate 

In  hordeolum  internum  "pointing"  of  the  abscess  takes  place  on  the 
inside  of  the  lid  through  the  palpebral  conjunctiva ;  in  hordeolum  externum, 
near  the  margin  of  the  lid  through  the  skin.  The  latter  variety  is  much  the 
more  common. 

Styes  usually  occur  in  persons  subject  to  blepharitis,  the  chronic  inflamma- 
tion of  the  latter  aflection  aflbrdinggood  soil  for  acute  infectious  inflammation 
of  the  solitary  glands.  The  infectious  character  is  well  indicated  by  the  fact 
that  persons  are  very  liable  to  successive  attacks  of  styes,  wdiich  occur,  in 
many  cases,  at  frequent  intervals  over  a  period  of  months.  Young  persons 
are  generally  the  subjects  of  this  disease,  especially  if  they  are  scrofulous, 
anemic,  or  poorly  nourished. 

These  two  varieties  of  hordeolum  present  essentially  the  same  clinical 
picture.  With  both  there  is  inflammation  of  the  sebaceous  glands,  and  they 
are  analogous  to  acne  in  the  skin.  The  marked  swelling  of  the  former,  as 
distinguished  from  the  latter,  is  due  to  the  anatomical  character  of  the  tissues 
in  which  the  inflammation  takes  place. 
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Treatment.— In  the  early  stage  an  attempt  may  be  made  to  abort  the 
development  of  a  stye  by  the  application  of  cold  or  very  hot  packs,  or  by 
touching  the  mouth  of  the  gland  involved  ^vith  the  sharpened  point  of  a  stick 
of  nitrate  of  silver.  If  unsuccessful  in  this,  "  pointing"  of  the  abscess  should 
be  encouraged  by  warm  fomentations  or  properly  applied  poultices.  Early 
opening  of  the  stye  is  important.  As  soon  as  there  is  an  indication  of 
softenino;  in  the  center  of  the  induration  a  free  incision  should  be  made  into 
the  tumor  in  (M'der  to  evacuate  the  contents  and  to  prevent  the  extension  of 
the  necrotic  j)rocess.  Care  should  be  taken  that  the  incision  is  made  parallel 
to  the  fibers  of  the  orbicularis  muscle,  so  that  no  deformity  may  remain. 
Subsidence  of  the  symptoms  is  rapid  after  evacuation  of  the  contents  of  the 
abscess.  Between  the  attacks  treatment  should  be  directed  toward  improving 
the  general  health  and  alleviating  the  inflanniiation  of  the  lid-margins;  refrac- 
tive errors,  which  nmv  cause  styes,  should  be  corrected.  Sulphid  of  calcium 
has  some  repute. 

Bxanthematous  irruptions  of  the  I/ids. — Ulcer  of  the  lids,  due  to 
variola  or  small-pox,  is  of  not  infrequent  occurrence.  The  parts  attacked 
are  the  hair-follicles  and  sudorific  follicles  and  glands.  The  results  of 
severe  attacks  are  pitting,  cicatricial  contraction  of  the  lids,  with  ectropion  and 
loss  of  the  eyelashes,  which,  when  permanent,  produces  the  condition  called 
madarosis. 

Treatment  is  directed  toward  limiting  as  much  as  possible  the  ulcerative 
process.  Protecting  the  pustules  by  dusting  with  a  dry  powder,  such  as 
starch  and  zinc  oxid,  in  equal  parts,  or  touching  the  ulcerated  portion  with 
a  sharpened  stick  of  nitrate  of  silver,  has  been  advantageously  employed. 

Vaccine  Blepharitis  {Vacdne  Ophthahnia,  Vaccinia' of  the  Eyelids). 
— This  occasionally  occurs  from  infection  from  a  vaccination  ulcer.  It 
usually  affects  the  borders  of  the  lids,  and  is  characterized  by  the  rapid  for- 
mation of  an  ulcer  of  the  lid-margin,  accompanied  by  much  redness,  swell- 
ing of  the  lids  and  of  the  preauricular  and  submaxillary  glands,  together 
with  general  fever,  malaise,  etc.  In  the  early  stage  the  vesicles  appear  with 
pitted  center,  but  later  the  pustules  are  quite  characteristic.  In  the  last 
stages  of  the  ulceration  they  resemble  syphilitic  ulcers,  and  must  be  differen- 
tiated from  these  by  the  history  and  progress  of  the  case.  Associated  with  the 
disease  of  the  lid,  marked  conjunctivitis  occurs,  often  simulating  a  diphtheritic 
membrane. 

Treatment  is  directed  toward  allaying  the  early  inflammatory  symptoms, 
and  later  touching  the  ulcers  with  a  2  or  .3  i)er  cent,  solution  of  silver  nitrate. 
Aseptic  washes  to  keep  the  eye  clean  should  also  be  used. 

Bc^ema  appears  either  on  the  eyelids  alone  or  is  associated  with  general 
eczema  of  the  face.  It  occurs  also  from  the  irritative  secretions  in  chronic 
conjunctivitis,  or  in  children  as  the  result  of  rubbing  the  secretions  from  the 
eye  upon  the  lids.  It  is  most  frequent  in  scrofulous  or  badly  nourished 
children.  Eczema  is  caused  in  adults  by  e])ii)hora,  ectropion,  etc.,  the  tears 
running  over  the  cheeks  excoriating  the  surface.  In  these  cases  the  lesions 
are  usually  found  on  the  lower  lid. 

Treatment  must  be  directed  primarily  to  the  cause.  Locally,  zinc  oint- 
ment or  Hebra's  diachylon  ointment,  spread  on  lint  or  muslin  and  applied 
constantlv,  is  satisfactory.  Painting  the  skin  with  a  2  to  10  per  cent,  solu- 
tion of  nitrate  of  silver  has  been  found  to  be  very  serviceable ;  onlv  the  latter 
in  strong  solution  blackens  the  skin  on  exposure  to  light.  Its  action,  how- 
ever, in  moist  or  ulcerative  eczema,  is  very  effective.  ' 

Herpes  roster  ophthalmicus  is  the  term  applied  to  that  variety  of 
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herpes  zoster  which  attacks  the  skin  of  the  eyelids  and  other  areas  siip])lied 
by  tlie  first  division  of  the  trigeminus  nerve.  Tlie  disease  is  characterized 
by  the  formation  of  vesicles  over  the  terminal  portion  of  the  nerve.  The 
attack  is  preceded  by  severe  neuralgic  j^ain  over  this  area,  succeeded  by  the 
formation  of  vesicles  over  the  forehead,  the  eyelids,  the  nose,  cheek,  and  the 
upper  lip,  the  disposition  of  the  vesicles  depending  upon  whether  the  first  or 
second  division  of  the  trigeminus  is  affected.  The  third  division  is  rarely 
affected.  The  vesicles  first  contain  a  clear,  limpid  fluid,  but  rapidly  become 
cloudy  and  purulent,  and  finally  dry  into  crusts.  On  removal  of  the  latter, 
deep  ulcers  are  found.  After  healing,  permanent  scars  remain,  which,  by 
their  peculiar  grouping,  indicate  the  nature  of  the  attack.  Not  infrequently 
the  cornea  is  affected,  which  greatly  complicates  the  case.  These  ulcers  of 
the  cornea  may  result  in  permanent  opacities.  Iritis  and  cyclitis  are  not 
uncommon,  especially  if  the  nasal  branch  is  affected ;  indeed,  there  may  be 
a  destructive  infiammation  of  the  whole  eye  (o])hthalmitis).  Palsy  of  the 
ocular  muscles  and  atrophy  of  the  optic  nerve  may  follow  herpes. 

The  cause  of  herpes  zoster  is  obscure,  but  it  is  an  inflammatory  affection 
of  the  trigeminus.  Persistent  neuralgia  may  remain  after  an  attack  of 
herpes. 

Treatment. — This  is  symptomatic.  The  vesicles  should  not  be  opened, 
but  these  should  be  dusted  over  with  a  drying  powder  (rice  starch)  and  the 
ulcers  allowed  to  heal  beneath  the  crusts.  Removal  of  the  latter  is  productive 
of  much  pain.  Internally  morphin,  quinin,  and  iron,  according  to  indica- 
tions, must  be  given.  Keratitis  and  iritis  require  the  usual  measures  elsewhere 
described. 

Blepharitis  (Blepharitis  marginalis,  Blepharitis  ciliaris,  Blepharo-adenitis, 
BlepJiaritis  ulcerosa,  Psorophthalmia,  Lippitudo  ulcerosa,  Tinea  tarsi,  Sycosis 
tarsi). — On  account  of  the  peculiar  anatomical  structure  of  the  margin  of  the 
eyelid  this  region  is  subject  to  a  variety  of  diseases,  with  somewhat  character- 
istic symptoms,  forming  a  group  by  themselves.  Rich  in  vascular  and 
glandular  structures,  the  edges  of  the  lids  are  the  seat  of  marked  inflamma- 
torv  disturbances,  the  more  especially  as  they  are  greatly  exposed  to  external 
irritation.  Therefore  disorders  of  the  margins  of  the  lids  are  among  the  most 
common  of  all  diseases  of  the  eye.  In  intensity  of  inflannnation  there  are  all 
degrees,  ranging  from  a  mere  red  fringe  of  tiie  lids  to  a  disorganization  of 
their  borders. 

Two  principal  varieties  of  marginal  blejiharitis  have  been  described, 
according  to  tlie  symptoms — (1)  squamous  or  simple  blepharitis,  and  (2) 
ulcerated  blepharitis. 

(1)  Simple  Blepharitis  {Blepharitis  squamosa). —  In  this  variety  the 
margins  of  the  lids  are  bordered  with  a  red  fringe,  fine  bran-like  scales  ap- 
pearing at  the  roots  of  the  cilia  and  between  them,  which  drop  off  if  the  eyes 
are  rubbed.  There  is  also  a  tendency  for  the  cilia  to  fidl  out  if  disturbed  ; 
thev  grow  again  perfectly.  When  the  scales  are  removed  the  skin  beneath 
is  found  to  be  hyperemic,  but  not  moist  or  ulcerated. 

In  another  varietv  instead  of  the  scales  there  is  a  wax-like  secretion  which 
adheres  to  the  lashes,  gluing  them  together,  but  on  its  removal  there  is  no 
evidence  of  ulceration  beneath,  the  tissues  appearing  simply  red  and  hy- 
peremic. 

(2)  Ulcerated  Blepharitis. — In  this  variety  there  are  hyperemia,  red- 
ness, shedding  of  lashes,  and  crusts.  When  the  crusts  are  removed  by  wash- 
ing an  ulcerative  process  is  evident  beneath  them.  Many  yellowish-white 
points  appear,  from  the  center  of  each  of  which  protrudes  a  cilium.  Upon 
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pullino;  out  the  lash  there  is  often  found  adhering  to  the  root  a  small  rounded 
drop  of  pus.  Still  dccjjer  is  found  a  small  ulcerated  base  extending  into  the 
hair-folliele.    The  cilia  are  readily  removed  on  the  slightest  traction. 

As  the  disease  progresses  the  hair-follicles  are  successively  involved  in 
the  ulcerative  process,  until,  not  infrequently,  the  entire  series  of  cilia  is 
destroyeil,  leaving  cicatrices  with  their  attendant  and  consequent  deformity. 
When  the  cilium  has  fallen  out  a  new  one  takes  its  place,  of  a  different  color, 
more  or  less  stunted  in  its  growth,  and  in  a  malposition  the  result  of  cica- 
tricial contraction  of  the  ulcerated  hair-follicles.  The  lashes  thus  become 
more  and  more  stunted  and  misplaced  or  entirely  destroyed. 

Bv  the  cicatricial  contraction  the  lashes  may  be  turned  backward  so  as  to 
touch  the  eveball,  irivinff  rise  to  a  condition  of  trichiasis,  or  the  entire  line 
of  lashes  may  be  destroyed,  leaving  the  lid  bald — madarosis.  Another  result 
of  the  ulcerative  process  may  be  the  gradual  eversion  of  the  lower  eyelid,  due 
to  the  cicatricial  contraction,  which  pulls  the  conjunctiva  forward  upon  the 
lid-border,  the  lid  itself  falling  away  from  the  eyeball  and  permitting  the 
tears  to  run  over,  in  turn  increasing  the  irritation  {lippitudo,  or  "  blear- 
eye  The  final  result  is  an  ectropion.  Hypertrophy  of  the  body  of  the  lid 
not  infrequently  ensues,  due  to  the  long-continued  inflammation,  and  pro- 
duces drooping  of  the  upper  lid  [hypertrophic  blepharitis).  It  may  be  seen, 
therefore,  that  blepharitis  ulcerosa  is  a  much  more  serious  condition  than 
blepharitis  squamosa. 

The  patient  suffers  little  inconvenience  as  the  result  of  the  disease  in  the 
milder  forms,  and  consults  a  physician  more  on  account  of  the  disfigurement 
than  from  any  great  annoyance.  In  the  more  pronounced  forms  the  sensi- 
tiveness to  light,  the  irritation,  the  sticking  of  the  lids  in  the  morning,  et€. 
are  real  discomforts.  Patients  are  unable  to  use  the  eyes  for  close  work  with 
comfort,  and  when  the  lashes  are  greatly  displaced,  with  the  resulting  corneal 
irritation,  they  become  almost  helpless. 

Etiology. — The  causes  of  blepharitis  are  twofold — viz.  local  and  general. 
The  local  causes  are  external  irritations  due  to  vitiated  air,  smoke,  injuries, 
and  chronic  conjunctivitis,  especially  if  associated  with  excessive  lachrvma- 
tion,  inflammation  of  the  lachrymo-nasal  passages,  and  disease  of  the  rhino- 
pharynx.  Abnormal  shortness  of  the  lids  may  excite  the  affection  (Fuchs). 
Among  the  general  causes  are  the  exanthemata,  scrofula,  anemia,  tuberculosis, 
syphilis,  or  malnutrition  from  any  cause. 

Stubborn  varieties  may  depend  upon  eczema,  eczema  seborrhceicum,  and 
seborrhea,  and  acne  of  the  surrounding  facial  areas.  Staphylococci  are 
found  in  the  pustules,  and  occasionally  the  tricophyton  fungus  (6.  tricophy- 
tica,).  The  demodex  folUculorum  has  also  been  seen  in  the  lid-margin.  Re- 
fractive errors  unquestionably  play  an  imj^ortant  role  in  the  causation  of 
marginal  ble})haritis,  as  well  as  in  other  irritative  and  inflammatory  lid- 
diseases  ;  but  they  have  not  yet  been  accorded  their  due  weight  as  causative 
factors  in  these  affections.  Correction  of  these  errors  bv  pro})er  glasses  will 
alone  very  often  relieve  a  patient  from  troublesome  blepharitis,  which  other 
methods  seem  powerless  to  effect. 

Pathology. — In  blepharitis  the  inflammatory  process  involves  chiefly 
the  cilia  and  glands.  In  squamous  blepharitis  scales  are  produced  oii 
the  lid-margins  and  .  the  cilia  fall  out.  These  grow  thinner  and  shorter 
and  less  pigmented,  and^  as  the  epidermis  is  cast  oft',  they  entirely  fail  to 
ij-row. 

In  blepharitis  ulcerosa  the  e])ithelium  and  often  the  papillae  are  destroyed 
at  the  seat  of  ulceration,  and  if  the  ulcerative  process  extends  deeply  into  the 
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tissues  of  the  luiir-foUieles,  the  cilia  are  permanently  destroyed  and  cicatricial 
contractions  take  place. 

Prognosis. — Blepharitis  is  essentially  a  chronic  disease.  It  may  last  for 
years  and  not  infrequently  for  a  lifetime.  In  young  persons  it  may  disappear 
spontaneously  as  they  grow  older,  while  in  other  cases  it  persists  in  spite  of 
all  treatment.  It  is  essential  that  treatment  should  be  vigorous  to  prevent 
permanent  lesions. 

Treatment. — The  treatment  must  have  reference  to  l)oth  general  and 
local  conditions,  as  well  as  to  the  causes.  Faulty  states  of  the  general  health 
should  be  corrected  by  appropriate  means.  Excessive  use  of  the  eyes  should 
be  prohibited,  refractive  errors  should  be  examined,  and  proper  glasses  pre- 
scribed. Chronic  conjunctivitis,  so  generally  present  in  these  cases,  should 
be  relieved,  and  any  obstruction  to  the  free  discharge  of  the  tears  through  the 
pro])er  channel  should  be  removed. 

For  the  milder  forms  of  blepharitis  the  non-irritating  ointments  give  the 
most  satisfactory  results.  After  carefully  removing  the  scales  and  crusts 
with  warm  w^ater  by  gently  washing  them  off,  an  ointment  should  be  well 
rubbed  into  the  roots  of  the  lashes  and  along  the  margin  of  the  lids,  usually 
night  and  morning.  For  this  purpose  a  1  per  cent,  ointment  of  white  })re- 
cipitate,  as  being  especially  mild,  has  been  much  used.  The  yellow  and  red 
oxids  of  mercury  are  also  favorite  prescriptions  in  the  proportion  of  one-half 
to  two  grains  to  the  dram  of  vaselin  or  simple  cerate.  A  5  per  cent,  solu- 
tion of  chloral  hydrate,  alternating  with  a  salve  of  pyrogallol  (1  :  8)  and  a  2  to 
3  per  cent,  sulphur  ointment,  have  been  well  recommended. 

In  the  severer  cases  associated  with  deposits  of  hard  and  strongly  adherent 
crusts,  which  glue  the  lashes  together,  the  use  of  a  solution  of  five  grains  of 
carbonate  of  sodium  to  the  ounce  of  water  is  most  effective  in  removing 
them.  It  is  important  not  to  irritate  the  bases  of  the  ulcers  too  much  by 
violent  means  of  removing  the  crusts.  A  pledget  of  absorbent  cotton,  moist- 
ened with  the  above  solution,  enables  the  patient  or  surgeon  to  remove  the 
crusts  effectually  and  without  force.  After  the  margins  of  the  lids  and  cilia 
have  been  cleared  of  crusts  the  various  ointments  can  be  applied  thoroughly 
to  the  diseased  structures.  In  case  of  ulceration  touching  the  ulcers  with  a 
five-  to  twenty-grain  solution  of  nitrate  of  silver,  or  with  a  sharpened  point  of 
a  silver-nitrate  stick,  acts  most  favorably.  Where  abscesses  occur  the  cilia 
should  be  epilated  with  proper  forceps,  in  order  to  give  the  remedies  an 
opportunity  of  acting  u\)on  the  diseased  structures.  No  hesitation  need  be 
exercised  about  removing  the  cilia,  for  new  hairs  will  replace  those  removed, 
even  if  they  are  repeatedly  pulled  out.  When  the  disease  has  resulted  in 
extensive  cicatricial  disturbances,  as  trichiasis,  etc.,  proper  operative  measures 
alone  are  to  be  recommended.  For  the  condition  of  madarosis  no  treatment 
avails. 

Phthiriasis  (blepharitis pcdiculom)  \h  nn  affection  resembling  blepharitis, 
and  is  associated  with  it.  The  ciliary  margins  })resent  a  dark  appearance, 
which  is  due  to  the  presence  of  the  nits  of  the  pediculus  pubis.  Close  exami- 
nation with  a  magnifying-glass  of  the  borders  of  the  lid  will  reveal  the  bases 
of  the  cilia  full  of  the  black  eggs  of  the  lice,  and  generally  many  individual 
lice  clinging  to  the  lashes.  Rubbing  mercurial  ointment  into  the  margins  of 
the  lids  destroys  the  lice  and  their  eggs. 

Syphilis  of  the  eyelids  is  a  somewhat  rare  affection.  However,  not 
only  is  the  primary  ulcer  met  witli  in  this  situation,  but  also  secondary  and 
tertiary  lesions.  Both  soft  and  indurated  chancres  occur  on  the  skin  of  the 
lids.    The  former  is  an  ulcer  with  a  nigged  edge  and  with  a  tenden(y'  to 
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si)rea(l.  It  appears  without  history  of  injury  or  other  cause.  The  hard, 
indurated  base  of  the  ulcer  in  the  other  case  is  sufficiently  indicative  of  its 
nature,  and  in  due  time  secondary  manifestations  of  the  disease  are  likely  to 
appear. 

Not  infre(iuently  the  lids,  along  with  other  portions  of  the  skin,  are  the 
seat  of  secondary  erui)tions.  Durinir  the  third  stage,  occasionally,  ulcers  and 
gummata  appear  in  the  lids,  the  latter  often  presenting  a  striking  similarity 
to  chalazia.  These  sometimes  develop  rapidly  and  undergo  extensive  ulcera- 
tive changes,  producing  ectropion,  lagophthalinos,  etc. 

Treatment  must  include  the  proper  constitutional  remedies,  while  the 
extension  of  the  ulcerative  process  must  be  combated  by  the  use  of  the  cau- 
tery (nitrate  of  silver)  and  proper  washes,  or  with  compresses  moistened  with 
bichlorid-of-mercurv  solution. 

Tumors  and  Hypertrophies. — Many  benign  growths  occur  in  the 
eyelids,  important  on  account  of  the  disfigurement  which  they  ]iroduce. 
Among  these  are  papillomafa,  or  wart'i,  which  grow  on  the  lids  and  their 
borders.  Occasionally,  from  irritation,  these  growths  may  assume  an  epitheli- 
omatous  type  and  prove  serious.  Their  early  removal,  with  cauterization  of 
their  bases,  should  be  practised. 

Angioma  (nevus)  occurs  on  the  lids  or  their  margins  as  a  congenital 
growth.  A  nevus  appears  as  a  bright-red  spot,  not  elevated,  and  usually  is 
located  near  the  margin  of  the  lid.  Its  tendency  is  to  increase  in  area  some- 
what rapidly. 

The  cavernous  variety  is  usually  elevated,  sometimes  gives  a  pulsatile 
sensation,  and  consists  of  greatly  enlarged  vessels.  It  disappears  under 
pressure  and  becomes  much  enlarged  when  the  patient  stoops  over.  Some- 
times there  may  be  a  bruit  present  if  the  orbit  as  well  as  the  lids  is  involved 
or  if  the  dilatation  of  the  vessels  is  extreme.  The  conjunctiva  may  also  ])ar- 
ticipate  in  the  diseased  process.  A  phkholith  in  a  varix  of  the  conjunctival 
veins  has  been  reported  by  Swan  M.  Burnett. 

Small  nevi  may  be  excised  or  cauterized  with  nitric  acid  or  with  the 
electro-cautery  by  means  of  the  platinum  point.  Electrolysis  may  likewise 
be  em])loyed  with  advantage.  In  the  larger  varieties  the  growth  may  be 
cauterized  at  numerous  points  at  a  little  distance  from  one  another,  as  the 
cicatricial  contraction  of  the  scars  will  cut  off  the  vascular  supply  between. 
As  little  scar  as  possible  should  be  aimed  at,  and  frequent  sittings  may  be 
advisable. 

Kare  forms  of  benign  growths  are  fibroma,  adenoma,  'papiUom.a,  enclion- 
droma,  neuroma,  and  lipoma.  The  last-named  growth  may  produce  a  form 
of  ptosis — the  so-called  ptosis  lipomatosv,s.  All  of  these  growths  should  be  re- 
moved if  they  produce  any  disturbing  effects,  and  this  is,  as  a  rule,  not  diffi- 
cult of  accomplishment. 

Cutaneous  horns  sometimes  attain  a  considerable  size.  They  arise  from 
the  skin  of  the  lids,  often  near  the  margin,  and  sometimes  involve  a  large 
proportion  of  the  lid-area.  The  excrescence  is  slow  in  its  development  and 
attains  a  horn-like  hardness,  especfially  toward  its  extremitv.  The  growth 
should  be  cut  off  and  a  ])lasti(!  operation  replace  the  lost  cutaneous  tissue. 

Xanthelasma  {xanthoma,  vitiUgoidea)  occurs  in  the  form  of  rounded 
spots  of  various  sizes  on  the  surface  of  the  skin  of  the  eyelids.  The  patches 
are  often  situated  on  the  eyelids  near  the  inner  angle,  vary  in  size,  and  show 
a  tendency  to  increase  in  numbers.  They  have  a  peculiar  dark-yellow  color, 
which  is  their  prominent  feature.  They  give  rise  to  no  discomfort.  They 
occur  mostly  in  women  of  advanced  years. 


CHALAZION. 


249 


The  yellow  or  brownisli-yellow  patches  may  lie  either  on  the  surface 
of  the  skill  {.vanthelmma  planum)  or  rise  above  it  {xanthelasma  tuberosum). 
These  new  growths  of  tissue  are  found  to  contain  cells  uith  granules  or  glob- 
ules of  oil.  Brown  or  yellow  inolecules  of  ])igmcnt  lie  singly  or  in  clusters  in 
the  cells  and  walls  of  the  lymphatic  vessels.  Ablation  may  be  practised  on 
account  of  the  disfigurement  they  produce. 

Chala^jion  {Meibomian  cyst,  tarsal  tumor,  cystic  tumor,  tarsal  cyst)  occurs 
as  a  round  tumor  of  variable  size,  giving  the  feeling  of  a  shot  beneath  the 
finger.  The  skin  over  it  is  freely  movable,  but  the  growth  has  a  firm  attach- 
ment to  the  tarsus  beneath. 

Etiology. — The  cause  of  chalazion  is  not  well  understood.  Generally  it 
occurs  in  persons  subject  to  infianiniatory  disturbances  of  the  lid-margins, 
frequently  successive  glands  being  attacked,  one  after  another,  until  most  of 
the  Meibomian  glands  of  one  or  more  lids  have  been  involved.  Refractive 
errors  seem  to  be  an  important  element  in  many  bad  cases  of  chalazion, 
especially  of  the  recurring  type. 


Fig.  172.— Vertical  section  of  chalazion  (Meibomian  cyst);  X  10,  glycerin:  1,  stratified  epithelium 
continued  over  the  surface;  2,  connective  tissue  outside  tumor;  3,  capsule  of  fibrous  tissue  from  which 
septa  pass  inward,  dividing  the  cyst  into  lobules ;  4,  epithelial  cells  inside  capsule  ;  5,  fatty  material  occu- 
pying center  of  lobules,  the  outer  layers  being  more  opaque  (Pollock). 

Pathology. — Ciialazion  may  be  solitary  or  several  chalazia  may  occur  in 
the  lid,  and  the  lower  and  upper  lids  of  both  eyes  may  be  the  seat  of  the  growths. 
They  originate  in  the  Meibomian  glands,  and  develop  from  an  obstructive 
inflammation  of  the  duct  of  these  glands,  which  prevents  the  excretion  of  the 
sebaceous  material.  This  accumulation  aids  in  the  development  of  an  inflam- 
matory action  involviug  the  gland  and  its  surrounding  tissue.  The  result  is 
a  tumor  of  considerable  size,  the  contents  of  which,  undergoing  a  fatty  de- 
generation, become  soft,  and  fill  the  sac  with  a  gelatinous  mass  of  granulation 
tissue  containing  giant-cells  or  with  pus  (Fig.  172).  The  process  is  very  sim- 
ilar to  the  formation  of  an  atheroma,  except  that  the  inflammatory  changes 
are  more  marked.  There  is  no  true  cyst-wall.  If  allowed  to  take  its 
course,  the  chalazion  develops  outward,  toward  the  skin  {external  chalazion), 
or  involves  the  conjunctiva  {^internal  chalazion).  It  frequently  perforates  the 
latter,  extensive  granulations  springing  up  on  the  under  surface  of  the  lid, 
often  resembling  a  neoplasm.  Usually  a  catarrhal  conjunctivitis,  which 
infects  the  Meibomian  glands,  precedes  the  chalazion. 

Symptoms. — These  vary  somewhat  in  the  acute  and  chronic  varieties. 
In  the  former  the  tumor  may  develop  ra])idly,  with  indications  of  much 
inflammation  and  with  some  pain  and  tenderness.    It  resembles  a  stye, 
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except  that  the  tumor  is  more  circumscribed  and  does  not  "point."  The 
chronic  variety  irrows  slowlv  and  causes  no  uneasiness  to  the  patient,  except 
tlie  feeling  of\vcigiit  in  the 'lid  which  it  gives  (Fig.  173).  Should  the  growth 
perforate  the  conjunctiva,  there  may  result  some  conjunctival  and  corneal  irri- 
tation, due  to  the  i-uhbing  of  the  granulations  upon  these  membranes.  An 
acute  chalazion  is  liable  to  be  confounded  with  a  stye,  the  diffuse  appearance 
and  pointing  "  of  the  latter,  however,  serving  to  distinguish  it.  The  chronic 
variety  has  been  mistaken  for  small  malignant  growths  and  sebaceous  cysts. 
The  tirm  attachment  of  the  chalazion  to  the  tarsus  should  serve  to  differentiate 
it  from  a  cyst.  Sarcomata,  when  small,  are  difficult  to  diagnose,  and  some- 
times a  microscopic  examination  becomes  necessary  to  determine  the  true 
nature  of  the  growth. 


Fig.  173.— Chalazion.   (From  a  patient  in  im  nut-patient  department  of  the  Western  Reserve  University, 

Medical  Department.) 


Treatment. — The  only  satisfactory  treatment  for  chalazion  is  surgical. 
Some  relief,  perhaps,  may  be  afforded  in  the  acute  variety  by  frequent  hot 
packs,  followed  by  the  use  of  the  yellow-oxid-of-mercury  ointment.  The 
proper  surgical  procedure  for  its  removal  is  described  on  page  546. 

Sarcoma,  as  a  primary  growth,  develops  in  the  connective  tissue  of  the 
lids,  and  occurs  usually  in  children.  In  the  early  stage  of  its  growth  the 
skin  moves  freely  over  the  tumor,  but  this  rapidly  invades  the  overlying 
tissues,  which  break  down  and  become  ulcerated.  Sarcoma  of  the  eyelids,  of 
the  small  spindle-celled  variety,  may  result  from  traumatism.  It  sometimes 
resembles  a  chalazion,  but  careful  examination  is  likely  to  show  a  deeper 
coloring,  \vith  diffuse  swelling.  Microscopical  examination  alone  will  some- 
times determine  tlie  true  nature  of  the  trouble. 

Primary  sarcoma  of  the  eyelid  may  arise  from  any  of  the  subepithelial 
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tissues,  and  may  be  of  tlie  spindle-,  large  or  small  round-,  or  mixed-celled 
variety.  Pigmentation  of  cells  or  cells  and  stroma  is  sometimes  seen  (melano- 
sarcoma).  W.  H.  Wilmer,  who  has  described  a  melanotic  giant-celled 
sarcoma,  has  analyzed  35  cases,  and  finds  that  40  per  cent,  were  spindle- 
celled,  43  per  cent,  round-celled,  17  per  cent,  mixed,  and  11  per  cent,  pre- 
sented myxomatous  elements. 

An  early  excision  of  the  growth  alone  offers  any  hope  of  protection  against 
a  fatal  outcome  of  the  trouble.  Even  after  thorough  removal  return  of  the 
growth  occurs  in  40  per  cent,  of  the  cases  (Wilmer). 

Carcinoma. — The  most  usual  type  of  carcinoma  of  the  lid  is  the  epitheli- 
omatous  ulcer,  commonly  called  "  rodent  or  Jacob's  ulcer."  The  border  of 
the  lid  is  the  favorite  starting-point  for  the  growth,  which  occurs  in  elderly 
persons.    It  usually  begins  as  a  small  pimple  covered  with  a  crust,  and  its 


Fig.  174.— Rodent  ulcer  Ijcginninpr  in  the  left  lower  eyelid.   (From  a  patient  in  Charity  Hospital,  Cleve- 
land, Ohio,  under  the  care  of  Dr.  Dudley  P.  Allen.) 

growth  is  often  exceedingly  slow.  As  time  goes  on  it  gradually  develops 
into  a  fiat  ulcer,  with  indurated,  ragged,  and  elevated  edges,  attended  with 
only  a  slight  secretion.  Eventually  it  may  involve  the  lids,  eyeball,  and  adja- 
cent structures  (Fig.  174).  Rodent  ulcer  may  be  mistaken  for  a  syphilitic 
ulcer,  but  generally  the  age  of  the  patient,  the  slow  growth  of  the  tumor, 
and  the  therapeutic  test  with  iodid  of  potassium,  which  ra])idly  relieves  a 
syphilitic  ulcer,  suffices  to  differentiate  the  epithelial  growth  from  the  latter 
affection.  It  is  distinguished  from  lupus,  because  this  disease  occurs  usually 
in  young  subjects,  because  of  the  greater  inflammatory  action  of  lupus,  and 
because  other  portions  of  the  body  are  at  the  same  time  similarly  affected. 

Pathology. — Ordinary  epithelioma  of  the  eyelid  presents  no  differences 
from  epithelioma  of  the  skin  elsewhere.  From  the  greatly  thickened  epider- 
mis irregular  outgrowths  penetrate  into  the  subepithelial  structures.  Epithelial 
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cell-nests  may  also  lie  in  this  layer,  together  with  "epithelial  pearls."  The 
surrounding  tissue  is  usually  very  vascular  and  intiltrated  with  round  and 
epithelial  ceils.  The  grow  tli  may  originate  from  the  ei)idermis  or  from  the 
epithelial  lining  of  tiie  sebaceous  or  sweat-glands;  rarely  from  Meibomian 
glands.  At  limes  it  apj)ears  as  a  raised  ulcer  with  intiltrated  edges.  The 
growth  may  be  very  slow,  and  cicatrization  take  ])lace  in  the  center  as  the 
ulceration  ])rogresses  at  the  edges.  If  the  ulcerative  process  is  an  elaborate 
one  and  extends  into  the  deeper  as  well  as  surrounding  tissues,  a  "rodent 
ulcer"  results.  The  stroma  of  these  epitlieliomata  is  always  more  or  less 
intiltrated  with  round-cells  and  presents  the  appearance  of  granulation-tissue. 

Rare  forms  of  cancer  of  the  lid-structures  having  their  point  of  origin  in 
the  Meibomian  or  in  Krause's  glands  may  be  denominated  ghmdidar  carci- 
nomata,  in  contradistinction  to  the  ordinary  epitheliomata  and  rodent  ulcers. 

Treatment. — Radical  measures  alone  give  any  promise  of  ])ermanent 
relief  in  carcinomata.  An  early  operation  for  their  removal  should  be  per- 
formed and  the  exposed  surface  covered  with  suitable  skin-tlaps.  In  the 
later  stages  palliative  measures  to  aid  in  limiting  the  rapidity  of  the  growth 
may  be  used.  To  furtiier  this  end  caustic,  chloracetic  acid,  scraping  with  a 
curette,  or  the  actual  cautery  may  be  employed.  As  milder  measures  aristol, 
chlorate  of  potassium,  and  injections  of  pyoktanin  have  been  recommended. 
Not  infrequently  in  the  advanced  cases  it  may  be  necessary  to  remove  the 
eyeball,  together  with  the  orbital  and  ])eriorbital  tissues. 

I/UpUS  Vulgaris. — Associated  with  lu])us  of  the  face  or  nose  the  eyelids 
may  become  the  seat  of  this  affection.  The  ulcers  are  formed  by  several 
points  of  infection  coalescing  and  producing  ragged,  soft  edges,  which  exude 
an  offensive  secretion.  The  disease  frequently  inflicts  much  damage  to  the 
lid-tissue,  eventuating  in  marked  cicatricial  contraction  and  deformity.  The 
history  of  the  case,  together  with  the  fact  that  the  face  and  nose  are  involved 
in  the  same  disease,  will  serve  to  distinguish  lupus  from  the  syphilitic  ulcer , 
for  which  it  is  likely  to  be  mistaken. 

Treatment. — Cauterization  by  means  of  caustic  paste  or  the  actual  cautery 
gives  the  best  results  in  the  early  stage  of  the  disease.  The  ulcers  may  also 
be  curetted.  When  the  ulcers  are  large  excision  may  be  practised,  with  the 
proper  plastic  operation  for  covering  the  denuded  surface  of  the  eyelids. 

I/Cpra. — Le[)rosy  of  the  eyelids  is  very  frecptent  in  countries  Avhere  the 
general  disease  is  prevalent.  Tubercular  growths  form  in  the  region  of  the 
brows  and  cilia,  producing  loss  of  the  lashes  and  eyebrows.  Anesthetic 
patches  of  a  color  slightly  different  from  the  surrounding  skin,  with  entropion 
and  ectropion,  are  frequently  developed. 

Blephantiasis  Arablim  is  characterized  by  a  chronic  hypertrophy  of 
the  skin  and  subcutaneous  tissue.  The  lids  reach  enormous  proportions, 
and  from  their  mere  weight  prevent  the  })atient  from  opening  the  eyes. 
The  upper  lids  are  the  ones  usually  affected.  Elephantiasis  occurs  congen- 
itally  or  may  result  from  an  injury.  According  as  the  hypertrophy  affects 
the  lym})hatics  or  the  blood-vessels  the  names  of  elephantiasis  lymphangiec- 
tndes  and  rlej)Jia)ifi(fsis  telangiectodes  have  been  assigned.  Removal  of  the 
excessive  growth  of  tissue  sufficient  to  enable  the  patient  to  open  the  eyes 
offers  the  most  hope  of  relief. 

^  Tarsitis  is  usually  a  chronic  inflammation  of  the  tarsus  characterized  by 
thickening  ()f  this  body.  Acute  tarsitis,  with  sloughing  of  the  tissues,  has 
been  described.  There  is  often  found  associated  with  conjunctivitis '  and 
blepharitis  a  thickening  of  the  tarsus,  especially  in  scrofulous  subjects. 
Syphilitic  tarsitis  is  the  most  frequent  variety  of  the  disease,  and  in  this 


BLEPHAROSPASM. 


253 


affection  the  thickoiiing  of  tlie  lids  is  often  very  marked,  giving  rise  to  much 
deformity.  It  usually  occurs  in  the  third  stage  of  syphilis,  and  assumes  the 
gummatous  type  of  the  disease  ;  more  rarely  an  acute  form  appears. 

The  symptoms  of'tarsitis  are  gradual  thickening  of  the  lid,  without  marked 
inflammatory  disturbance,  and  tlie  consequent  inconvenience  to  the  patient 
of  the  bulk  of  the  eyelid,  which  may  droop  over  the  globe.  If  the  lower  lid 
is  the  seat  of  the  disease,  the  weight  of  the  lid  sometimes  pulls  it  away  from 
the  eyeball,  ])rodncing  an  ectropion.  In  severe  cases  an  atrojihy  of  the  tarsus 
may  ensue  after  the  subsidence  of  the  infiammation  (Fig.  175). 


Fig.  175.— Syphilitic  tarsitis.    (From  a  patient  under  the  care  of  Dr.  de  Schweinitz  in  the  Philadelphia 

Hospital.) 

Treatment. — Tlie  remedies  a])propriate  to  blepharitis  should  be  used 
locally,  and  any  constitutional  disturbance  corrected  by  proper  means.  In 
tarsitis  syphilitica  treatment  suitable  for  the  specific  disease  should  be  insti- 
tuted.   Recovery  is  slow,  but  generally  perfect. 

Blepharospasm  is  characterized  by  a  cramp-like  contraction  of  some  or 
of  all  of  the  fibers  of  the  orbicularis  muscle. 

A  frequent  condition  in  many  persons  is  the  contraction  of  a  few  fibers  of 
the  orbicularis  muscle  in  either  the  upper  or  lower  lid,  which  is  very  annoy- 
ing. The  twitching  of  the  muscle  may  readily  be  seen  by  an  observer. 
This  condition  is  usually  indicative  of  some  local  irritation  of  the  eyes  or  the 
lids,  and  is  of  no  great  import. 

A  more  serious  and  uncomfijrtable  phase  of  the  difficulty  is  cramp  of  the 
entire  muscle,  when  the  eyelids  close  tightly  and  violently.    There  are  two 
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varieties  of  blepliaros{)asin — the  clonk-  and  the  tonic  spasms.  In  the  former 
the  spasm  is  of  momentary  duration,  and  consists  of  a  series  of  forcible  uncon- 
trollable "blinkings;"  iii  the  latter  there  is  a  violent  closure  of  the  lids, 
which  remain  tightly  shut  for  some  minutes  or  for  days  or  months,  and  the 
patient  is  rendered  practically  blind  by  the  inability  to  use  the  eyes.  Blind- 
ness has  occasionally  resultetl,  manifest  when  the  patient  has  become  able  to 
open  the  eyes,  either  with  or  without  grave  ophthalmoscopic  changes. 

Blepharospasm  may  be  either  a  symptomatic  condition  or  an  essential 
disease.  Children  especially  are  prone  to  have  slight  more  or  less  frequent 
"blinking"  attacks  or  nictitation,  especially  when  using  their  eyes  in  school- 
work.  They  are  generally  found  to  have  slight  conjunctivitis  or  an  asthe- 
nopic  condition  due  to  refractive  error.  Not  infrequently  associated  with 
this  is  a  choreic  or  spasmodic  affection  of  the  facial  muscles.  Blepharospasm 
is  essentially  due  to  reflex  irritation  of  the  fibers  of  the  trigeminus,  and  hence 
occurs  in  follicular  conjunctivitis,  with  foreign  bodies  in  the  eye  (when  the 
spasms  may  be  tonic),  with  blepharitis,  refractive  errors,  and  muscular  insuf- 
ficiencies. Depending  upon  the  cause,  the  attacks  are  monocular  or  binocular, 
the  latter  form  prevailing  in  all  severe  cases,  the  attacks  being  usually  more 
severe  on  one  side.  In  hysterical  subjects  the  attacks  come  on  without  any 
know'n  cause,  the  eyes  close  tightly,  the  spasm  is  persistent,  and  the  jiatient  is 
rendered  helpless.  In  adults  as  well  as  in  children  the  facial  muscles  may 
twitch  as  actively  as  the  orbicularis.  In  elderly  people  the  spasm  is  often 
associated  with  tic  or  with  chronic  conjunctivitis. 

Treatment. — The  treatment  of  blepharospasm  depends  upon  the  cause. 
In  case  of  local  irritation  removal  of  the  foreign  body,  relief  of  conjunc- 
tivitis, blepharitis,  or  other  local  inflammation,  correction  of  refractive  errors, 
and  gymnastic  exercise  for  insufficiency  of  the  eye-muscles  are  the  essen- 
tial points  to  be  considered.  The  general  health  should  be  looked  into,  and 
tonics,  especially  iron,  quinin,  and  strychnin,  should  be  exhibited,  care 
being  taken  that  the  latter  does  not  aggravate  the  trouble.  Antispasmodics, 
as  conium  and  gelsemium,  pushed  to  their  physiological  tolerance,  may  be  of 
benefit. 

In  many  cases  medication  seems  to  have  no  beneficial  effect.  In  some 
patients  pressure  on  certain  points  seems  to  relieve  temporarily  the  difficulty. 
The  patient  discovers  these  and  learns  to  control,  in  a  measure,  the  orbicularis 
spasm  by  pressing  upon  the  point.  This  point  may  be  situated  on  the  fore- 
head or  in  some  other  portion  of  the  head.  In  such  cases  galvanism,  or,  in 
very  bad  cases,  hypodermic  injections  of  morphin  in  these  regions,  may  be 
tried.  Complete  rest  from  work,  with  change  of  climate,  sea-bathing,  or 
mountain-climbing,  have  sometimes  proved  efficacious  when  other  means  have 
failed. 

Ptosis  (blepharopto.'^is,  bkpharoplcgia)  is  a  term  properly  applied  to  a 
drooping  of  the  eyelid  due  to  paralysis  of  the  levator  palpebrarum  muscle. 
In  addition  to  true  ptosis  there  is  a  more  or  less  marked  degree  of  drooping 
of  the  lid  due  to  its  increased  weight  or  bulk,  which  prevents  the  levator 
from  sufficiently  raising  the  lid  to  expose  the  eyeball.  This  often  is  the  case 
in  tarsitis,  hyj)ertrophic  blepharitis,  granular  conjunctivitis,  and  tumors  of 
various  sorts  occurring  in  the  substance  of  the  lid.  But  ptosis  proper  is 
due  either  to  paralysis  of  the  oculo-motor  nerve  or  to  a  fault  in  the  develop- 
ment of  the  levator  muscle  itself. 

The  affection  may  be  a  conf/enital  or  an  acquired  one.  In  the  cono<enital 
cases  the  ptosis  may  be  associated  with  other  congenital  malformations^of  the 
lids,  eye,  or  orbit.    In  some  cases  of  unilateral  congenital  ptosis,  usually  on 
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the  left  side,  while  the  eyelid  cannot  be  raised  voluntarily,  it  is  raised  when 
the  jaw^  is  moved  during  eating,  or  there  is  contraction  of  the  levator  in  asso- 
ciation with  the  external  pterygoid.  Not  infrecjuently  ptosis  is  the  result  of 
injury  to  the  muscle-libers  or  to  the  supraorbital  branch  of  the  oculo-motor 
(Fig.  176).  Paralysis  of  the  eye-muscles  is  frequently  associated  with  ptosis, 
and  it  may  be  found  in  certain  cases  of  liemiplegia  or  from  lesion  of  the 
cortical  center.  In  bilateral  ptosis  the  peculiar  pose  of  the  head,  which  is 
thrown  back  to  enable  the  patient  to  look  under  the  drooping  lids,  is  strikingly 
characteristic. 

Treatment. — The  cause  must  determine  the  proper  procedure.  Medicinal 
measures  must  be  instituted  if  the  palsies  are  of  sypliilitic,  rheumatic,  or  of 


Fig.  176.— Traumatic  ptosis  witii  cystic  tumor  of  orbit.    (Western  Reserve  University,  Medical  Depart- 
ment.) 

other  origin  which  is  amenable  to  medicinal  agents.  The  surgical  treatment 
is  described  elsewhere  (sec  page  557). 

I/agfOphthalmos  manifests  itself  by  an  inability  of  the  eyelids  to  close, 
the  degree  of  this  immobility  varying  as  the  cause  is  a  paralytic,  or  a  non- 
paralytic one.  The  non-paralytic  causes  are — shortening  of  the  eyelids, 
which  may  be  congenital  or  due  to  loss  of  tissue  of  the  lids  from  burns, 
ulceration,  gangrene,  etc. ;  ectropion  ;  loss  of  reflex  sensibility  in  the  eyeball 
and  protrusion  of  the  globes,  so  that  the  lids  are  unable  to  cover  them,  as  in 
exophthalmic  goiter,  orbital  tumors,  etc. 

The  most  marked  cases  are  caused  by  paralysis  of  the  orbicularis  muscle, 
usually  associated  with  facial  paralysis.  The  distressing  symptoms  of  lagoph- 
thalmos  arise  in  connection  with  the  cornea,  which  is  exposed  to  external 
irritations  and  suffers  the  loss  of  the  lubricating  and  protecting  action  of  the 
lids.  The  exposed  portions  of  the  cornea  and  conjunctiva  become  chronically 
inflamed,  and  ulceration  and  even  blindness  may  be  the  result. 

Treatment  should  have  in  view,  primarily,  the  protection  of  the  eyeball 
from  external  irritation.  Patients  are  likely  to  suffer  most  while  asleep  from 
inability  to  close  the  lids  by  voluntary  action.    Hence  in  bad  cases  the  lids 
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should  be  closed  with  adhesive  plaster,  a  compress  and  bandage,  or  by  other 
suitable  means.  Relief  should  be  directed  to  the  cause  of  the  atfection  ni  the 
paralytic  variety,  and  the  operation  of  tarsorrhaphy  (page  547)  may  be  re- 

<Iiiii"^'d.  ,  , 

Symblepharon  is  an  abnormal  adhesion  of  the  eyelid  to  the  eyeball. 

It  may  l^e  congenital,  but  is  usually  the  result  of  injuries,  especially  burns 

from  iicids,  lime,  or  hot  metal  (Fig.  177).    It  occurs  always  when  the  con^ 

junctival  structure  is  destroyed  in  its  sulcus  and  when  the  palpebral  and 

bulbar  conjunctivje  are  cauterized  iu  ai)proximate  ]K>sitions.    It  also  results 

from  jKiruient  and  granular  conjuuctivitis,  ])emphigus,  etc.    Not  infrequently 

the  lid-margins  become  strongly  adiierent  to  the  cornea  by  cicatricial  bands  or 

the  entire  body  of  the  lid  may  be  adherent  (Fig.  178). 


Fig.  177.— Symblepharon  due  to  burn- 


-hot  metal.    (From  a  patient  in  Western  Reserve  University,  Medical 
Department.) 


Ankyloblepharon  has  the  same  causes  as  symble])haron,  and  likewise 
may  be  conr/otitrd  or  acquired.  It  consists  of  a  union  between  the  margins 
of  the  upper  and  lower  lids,  and  may  be  partial  or  complete.  In  the  acquired 
variety  burns  are  the  most  common  cause. 

Blepharophittiosis  is  an  agglutination  of  the  eyelids  at  the  outer  angle 
of  the  eye,  caused  usually  by  chronic  conjunctivitis  or  ulceration  at  the  com- 
missure.   The  adhesions  cause  shortening  of  the  palpebral  opening. 

Treatment. — These  conditions,  generally  due  to  a  similar  cause,  require 
like  treatment.  In  case  of  injury,  burns,  etc.  care  should  be  exercised  to 
keep  the  lids  w-ell  separated  from  each  other  as  well  as  from  the  eyeball.  In 
case  of  extensive  burns  of  both  the  bulbar  and  ]mlpebral  conjunctivre  no 
method  will  prevent  the  lid  and  the  eyeball  from  becoming  adherent,  with  the 
formation  of  a  more  or  less  complete  syinble]iharon.  When  the  deformity 
has  occurred  suitable  surgical  measures  should  be  employed  for  its  correction 
(see  page  548). 


ENTROPION. 
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Trichiasis  is  a  term  used  to  describe  that  condition  of  the  lids  where  the 
eyehishes  are  turned  backward  so  as  to  rub  against  the  eyeball.  A  single 
cilium  or  the  entire  row  of  lashes  may  be  inverted. 

The  most  frequent  cause  of  trichiasis  is  trachoma.  The  entire  conjunctival 
surface  being,  as  a  rule,  involved  in  chronic  trachoma,  the  resulting  cicatricial 
contraction  aflPects  the  entire  border  of  the  lid  and  occasionally  develops  more 
or  less  complete  trichiasis.  The  more  localized  affection  is  likely  to  be  due 
to  burns,  blepharitis,  injuries,  operations,  etc.  The  result  of  the  lashes  turn- 
ing in  is  marked  irritation  of  the  cornea,  which  often  results  in  ulcers;  thick- 
ening of  the  epithelial  covering,  somewhat  simulating  pannus  ;  constant  lach- 
rymation  ;  and,  in  long-continued  cases,  permanent  impairment  of  vision. 

Distichiasis  is  a  term  applied  to  that  affection  where  there  are  double 


Fig.  178. — Complete  symblepharon  due  to  burn.    (From  a  case  in  Western  Reserve  University,  Medical 

Department.) 

rows  of  lashes,  one  row  being  directed  properly,  while  the  other  is  turned 
backward  against  the  eyeball.  Some  autliors  consider  distichiasis  simply  one 
step  in  the  development  of  trichiasis  and  assign  the  term  to  the  congenital 
affection  alone.    The  causes  of  the  two  affections  are  the  same. 

Treatment. — Should  a  single  lash  or  a  small  number  of  lashes  turn  in, 
temporary  relief  is  afforded  by  epilation  of  the  cilia  which  are  at  fault.  The 
lashes  grow  again,  however,  and  this  operation  must  be  frequently  repeated. 
Patients  can  often  remove  the  lashes  themselves  witli  a  pair  of  cilium  forceps. 
For  permanent  relief  cledrobjaiH  or  some  other  operative  jDrocedure  must  be 
employed  (sec  page  545). 

l^ntropion  is  a  turning  inward  against  the  eyeball  of  the  external  lid- 
margin.  Not  only  the  lashes  but  the  skin  of  the  palpebral  margin  is  rolled 
back  against  the  eye.  Two  varieties  of  this  affection  have  been  described, 
the  spasmodic  and  the  organic.  The  former  results  from  the  over-action  of 
the  orbicularis  muscle  due  to  the  reflex  irritation  of  conjunctivitis,  keratitis, 
etc.  In  elderly  people  it  not  infrequently  results  from  operations  when  the 
eye  has  been  kept  bandaged  too  long.  The  organic  type  results  from  chronic 
17 
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trachoma,  diplitheritie  conjunctivitis,  burns,  injuries,  etc.,  which  lead  to  cica- 
tricial contraction  of  the  conjunctiva.  The  effect  upon  the  cornea  may  be 
serious  on  account  of  the  jjroduction  of  ulcers,  opacities,  etc. 

Treatment. — Spasmodic  entropion  is  generally  relieved  by  the  disappear- 
ance of  the  couiunctiviti^,  keratitis,  or  foreign  substance  which  has  caused  it. 
Karlv  removal'of  the  bandage  is  necessary  when  the  entropion  occurs  after 
cataract  oi)erations.  Strips  of  adhesive  piaster  applied  to  the  lid-margm  by 
one  extremity  and  by  the  other  to  the  cheek,  or  collodion  i)ainted  over  the 
lid,  or  strips'of  gauze  fixed  with  collodion  applied  in  the  same  manner  as  the 
adhesive  strips,  serve  a  most  useful  ])urpose  in  case  of  spasmodic  ectropion. 
The  xenr-fine  has  been  used  with  advantage  by  fixing  a  fold  of  the  skin,  thus 
pulling  the  lid-margin  away  from  the  eyeball.  "The  chronic  types  of  entropion 
require  careful  surgical  treatment.    The  oi)erations  are  described  on  jxige  548. 

Ectropion  is  a  rolling  outward  of  the  eyelids,  so  that  the  conjunctival 
portion  is  exposed  to  view.    This  eversion  may  be  partUd  or  complete.  It 

may  also  be  spcmnodic  or 
iiiUHCidar  and  cliron'w  or  or- 
ganic. In  tlie  former  case 
it  is  due  to  the  over-action 
of  the  peripheral  fibers  of 
the  orbicularis  muscle.  The 
lower  lid  sometimes  shows  a 
tendency  to  drooj),  particu- 
larly in  elderly  people  and  in 
persons  affected  with  facial 
])a]sy.  The  tears  thus  run 
over  the  cheeks  and  occasion 
additional  irritation. 

The  causes  of  organic 
ectropion  are  those  which 
produce  a  cicatricial  shorten- 
ing in  the  length  of  the  eye- 
lids, as  chronic  blepharitis, 
lupus,  necrosis  of  the  orbit 
or  malar  bone,  abscesses, 
burns,  and  injuries  (Fig. 
179).  The  eye  being  more  or 
less  exposed,  the  cornea  suf- 
fers from  external  irritants. 
Treatment. — Not  infrequently  the  excessive  lachrymation  which  occurs 
in  ectropion  may  be  cured  by  slitting  up  the  canaliculus  and  passing  probes 
through  the  naso-lachrymal  duct.  Associated  inflammation  of  tlie  cornea  and 
conjunctiva  should  receive  attention.  The  severer  chronic  forms  of  the  affec- 
tion recpiire  operative  measun^s  for  their  relief  (see  page  551). 

Seborrhea  is  cliai-acterized  by  a  secretion  on  the  margin  of  the  lids 
either  of  an  oily  fluid  or  of  a  sebaceous  material,  which  dries,  forming  crusts 
or  scales  along  the  cilia.  Generally,  seborrhea  of  the  face,  scalp,  or  other 
portions  of  the  body  is  an  accompanying  affection.  It  not  infrequently  occurs 
in  young  persons  about  the  age  of  puberty.  Conjunctivitis  and  marginal 
ble])haritis  are  frequent  concomitants. 

Treatment  must  be  din^cted  to  the  improvement  of  the  general  health. 
Removal  of  the  crusts  and  the  application  of  mercurial  or  sulphur  ointments, 
together  with  measures  suited  to  conjunctivitis  and  blepharitis,  are  required. 


Fig.  179.— Case  of  cctnjpion.    (From  a  patient  in  tlie  (Charity 

Hospital.) 
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Milium. — Milia  are  accumulations  of  sebum  in  closed  sebaceous  glands. 
These  growths  are  about  the  size  of  a  milletseed,  from  which  they  take  their 
name.  They  present  a  yellowish-white  appearance,  and  are  slightly  elevated 
above  the  surrounding  skin,  giving  the  feeling  of  a  })inhead  under  the  finger. 
They  usually  indicate  im})roper  care  of  the  skin,  and  occur  in  persons  with 
some  disturbance  of  digestion,  constipation,  etc. 

Treatment. — Hot  ap})lications,  frequently  repeated,  together  with  suitable 
remedies  for  indigestion  or  consti})ation,  will  j)rove  l)eneficial.  After  removal 
of  the  milium  with  a  knife-point  or  needle,  hot  packs  and  mild  ointments,  well 
rubbed  in,  \\'\\\  afford  relief 

Molluscum  contagiosum  {inoUmmm  sebaceum)  occurs  in  the  lids  in 
the  form  of  small  rounded  tumors  which  originate  from  the  sebaceous  glands. 
They  attain  the  size  of  a  pea,  have  an  umbilicated  appearance  due  to  the  ori- 
fice of  the  gland  on  the  summit  of  the  growth,  and  have  a  wax-like  color. 
The  material  from  the  growths  is  contagious.  The  disease  not  infrequently 
occurs  among  children  in  asylums  and  schools  in  the  nature  of  an  epidemic. 
The  contagious  nature  of  the  disease  is  supposed  to  be  due  to  a  parasite,  and 
the  aifection  is  allied  in  character  to  contagious  epitlieUoiiiata.  The  })arasite 
is  believed  by  some  authors  to  belong  to  the  class  Coccidia,  and  to  inhabit 
the  epithelial  cells  and  cause  the  formation  of  these  small  prominent  epi- 
thelial growths.  The  coccidia  multijjly  in  the  cells  of  the  epithelial  pro- 
jections ;  these  are  then  cast  off  and  accumulate  as  a  mass  of  ej^ithelial 
detritus.  According  to  H.  Muetze,  the  molluscum  corpuscles  are  the  prod- 
uct of  a  degeneration  of  the  epithelial  cells  caused  by  the  contagium,  the 
nature  of  which  is  uncertain  ;  but  the  corpuscles  themselves  are  not 
parasites. 

Treatment  consists  of  opening  each  molluscum  and  scraping  out  its  con- 
tents.   Cauterizing  the  sac  with  nitrate  of  silver  may  also  be  employed. 

!^phidrosis  [hyperidrosis)  is  a  rare  aifection  of  the  lids  characterized  by 
profuse  secretion  from  the  sweat-glands.  It  is  associated  with  excessive 
sw'cating  of  other  portions  of  the  face  or  body,  and  has  been  noticed  in  cases 
of  unilateral  facial  sweating.  Its  cause  is  not  understood.  It  may  })roduce 
excoriations,  especially  at  the  angles  of  the  eyes  and  in  the  skin-folds. 

Treatment  must  be  directed  to  the  excoriations  of  the  skin  and  to  the 
oause  if  it  can  be  discovered. 

Chromidrosis  (sometimes  called  seborrhoea  nigricans^)  is  the  formation 
of  various  colored  secretions  on  the  eyelids,  the  oily-like  fluid  giving  a  bluish 
or  blackish  color  to  the  affected  skin.  It  usually  occurs  on  the  lower  lid. 
The  discoloration  can  readily  be  removed  by  wi])ing.  Some  authors  believe 
that  it  is  always  an  evidence  of  malingering,  as  it  most  frequently  occurs  in 
hysterical  patients,  particularly  young  women.  In  rare  instances  it  is  genuine. 
It  may  be  caused  by  a  deposit  of  dust  ujion  a  cutaneous  surface  affected  with 
seborrhea. 

Treatment  should  be  directed  toward  the  relief  of  any  general  disturb- 
ance of  the  health.  The  discoloration  may  be  removed  with  some  oily  sub- 
stance ;  lead-water  and  glycerin  have  been  recommended. 

Sebaceous  cysts  are  small  rounded  bodies  of  the  size  of  a  pea  or  of  a 
hazelnut  which  occur  in  the  thicker  portions  of  the  skin  of  the  eyelids, 
especially  in  the  superior  or  external  orbital  portion  of  the  lid  (Fig.  180). 
They  develop  from  the  sebaceous  follicles  of  the  skin,  and  contain  a  seba- 
<!eous,  oilv-like  material,  and  frequently  fine  hairs.    They  have  wx^ll-formed 

^  For  a  lull  account  of  this  affection  see  a  paper  by  Dr.  J.  K.  Mitchell  in  the  Phila.  Med. 
Joum.,  1898,  i.  117-119. 
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cyst-walls,  which  enables  the  siirireoii  to  dissect  them  out  without  great  di 
culty,  this  being  the  i)r()))er  method  of  treatment. 


Fig.  180.— Sebaceous  tumor  of  the  eyelid.    (From  a  patient  in  tlie  Western  Reserve  University, 

Medical  Department.) 

Dermoid  cysts  likewise  occur  in  the  same  region  and  should  be  removed 
in  like  mannei'. 

Cysticercus  has  been  observed  a  few  times  under  the  skin  of  the  eye- 
lids, having  the  appearance  of  a  sebaceous  cyst,  only  the  contents  are  fluid. 
On  opening  the  tumor  the  remains  of  the  parasite  are  discovered. 

THE  EYEBKOWS. 

The  eyebrows  may  be  the  seat  of  eczema  or  of  seborrhea,  and  are  a  favorite 
situation  for  the  development  of  sebaceous  and  dermoid  cvsts.  Occasionally 
these  growths  extend  some  distance  into  the  orbit,  where  by  pressure  they 
may  produce  a  depression  in  the  underlying  bone. 
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By  SAMUEL  THEOBALD,  M.  D., 

OK  BALTIMORE. 


In  treating  of  diseases  of  the  laeluymal  apparatus  it  is  convenient  to  con- 
sider, first,  those  affections  which  have  to  do  with  the  lachrymal  gland  and  its 
ducts,  and,  second,  those  of  the  drainage  apparatm,  including  the  puncta,  the 
canaliculi,  the  lachrymal  sac,  and  the  nasal  duct.  The  lachrymal  gland,  prob- 
ably owing  to  its  })rotected  position  and  its  multiple  ducts,  is,  comparatively 
speaking,  rarely  the  seat  of  disease,  while,  on  the  other  hand,  disease  of  the 
drainage  apparatus,  doubtless  because  of  its  intimate  anatomical  and  patlio- 
logical  relationship  to  tiie  nasal  passages,  is  of  very  frequent  occurrence. 

DISEASES  OF  THE  LACHRYMAL  GLAND. 

Dacryoadenitis,  or  inflammation  of  the  lachrymal  gland,  occurs  as  an 
acute  and  as  a  chronic  affection.  Both  varieties  are  rare,  though  it  seems  not 
improbable  that  acute  inflammation  of  the  gland  is  sometimes  mistaken  for 
cellulitis  of  the  orbit,  from  which  it  is  not  always  easy  to  differentiate  it. 

Etiology. — It  occurs  more  frequently  in  children  than  in  adults,  and 
oftener  in  women  than  in  men.  It  has  been  known  to  assume  an  epidemic 
character,  and  Galezowski  reports  having  met  with  an  unusual  number  of 
cases  during  an  epidemic  of  mumps.  Other  causes  to  which  it  has  been 
ascribed  are  traumatism,  "  cold,"  rheumatism,  gout,  struma,  syphilis,  septic 
absorption,  and  the  extension  of  inflammation  from  the  conjunctiva  and  cornea. 
It  is  usually  unilateral,  but  not  infrequently  both  glands  are  involved. 

Symptoms. — Acute  dacri/oadeniti>;  gives  rise  to  severe  pain,  which  may 
be  accompanied  by  elevation  of  temperature,  cerebral  excitement,  sleepless- 
ness, and  delirium.  The  lids,  especially  the  upper  lid,  are  greatly  swollen, 
and  there  is  marked  chemosis  of  the  conjunctiva.  The  eyeball  may  be  dis- 
placed and  its  movements  restricted  and  rendered  painful  through  the  enlarge- 
ment of  the  gland.  Palpation  of  the  exquisitely  sensitive  gland  is  difficult 
because  of  the  edema  of  the  lids,  and  eversion  of  the  lid,  to  permit  of  its 
inspection,  is  out  of  the  question.  The  general  appearance  of  the  eye  is  not 
unlike  that  which  characterizes  ])urulent  conjunctivitis  (S.  C.  Ay  res).  Suppu- 
ration may  supervene  within  a  few  days,  the  pus  making  its  way  through  the 
integument  of  the  lid  or  into  the  conjunctival  cul-de-sac,  or  the  inflammation 
may  subside  without  the  formation  of  pus. 

In  chi'onic  dacryoadenitis  the  characteristic  enlargement  of  the  gland  may 
be  recognized  by  palpation,  and  sometimes  by  simple  inspection.  By  everting 
the  upper  lid  the  swollen  gland  may  lie  brought  into  view  as  a  red,  tongue- 
shaped,  nodular  mass  (Hirschberg).  The  gland  is  usually  sensitive  to  pressure, 
but  the  pain,  swelling  of  the  lids,  and  conjunctival  chemosis  are  much  less 
pronounced  than  in  the  acute  variety  of  the  disease.  As  in  the  latter,  there 
may  be  marked  displacement  of  the  eyeball,  usually  downward  and  inward, 
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and  this  may  give  rise  to  diplopia.  In  rare  instances  non-suppurative  dacryo- 
adenitis  {iiininjts  of  the  lachrymal  (/land,  Hirschberg)  is  l)i]ateral. 

Treatment. — Tlie  treatment  of  acute  dacryoadenitis,  if  the  case  is  seen  at 
the  outset  of  the  attack,  should  consist  in  leeching,  the  application  to  the  lid 
and  brow  of  an  ointment  of  mercury  with  ojiium  or  belladonna  (ext.  opii 
vel  ext.  belladonnto  ."j  ;  ung.  hydrarg.  sj),  and  the  administration  of  an  ener- 
getic mercurial  purgative,  to  be  followed  by  liberal  doses  of  quinin,  sodium 
salicylate,  or  sodium  pyrophosphate  (the  last-named  drug  in  twenty-grain  doses 
every  two  hours) ;  or,  instead,  small  and  frequently  re[)eated  doses  of  calomel 
may  be  administered.  Should  these  measures  fail  to  cut  short  the  attack, 
warm  fomentations,  containing  opium  or  belladonna,  should  be  employed,  and 
as  soon  as  the  presence  of  pus  can  be  detected  it  should  be  evacuated  by  an 
incision  either  througli  the  integument  of  the  lid  or  through  the  conjunctival 
cul-de-sac  as  may  seem  to  be  indicated. 

In  chronic  inflammation  of  the  gland  the  local  application  of  mercurial  or 
com])ound  iodin  ointment,  and  the  administration  of  alteratives  and  tonics, 
are  indicated.  Extirpation  of  the  gland  (see  page  596)  may  be  necessary 
should  it  become  so  enlarged  as  to  endanger  the  integrity  of  the  eyeball. 

Fistula  of  the  I/achrymal  Gland. — This  troublesome  variety  of 
lachrymal  fistula  may  be  a  consequence  of  dacryoadenitis  or  may  be  of  trau- 
matic origin.  Cases  of  congenital  fistula  of  the  lachrymal  gland  have  also 
been  observed. 

The  fistulous  opening  is  usually  at  some  point  in  the  upper  lid,  and  the 
constant  flow  of  tears,  which  prevents  its  closure,  gives  rise  to  much  annoy- 
ance. 

It  is  not  easy  to  bring  about  a  healing  of  the  fistula,  and  if  this  is  accom- 
plished, it  is  at  the  risk  of  precipitating  a  fresh  attack  of  inflammation  of  the 
gland.  The  operative  procedure  which  has  proved  most  effectual  is  that 
pro])osed  by  Sir  William  Bowman  (see  page  596). 

DacryopS,  or  cyst  of  the  lachrymal  gland,  is  a  rare  condition  due  to  occlu- 
sion of  one  or  more  of  the  efferent  ducts  of  the  gland.  It  has  also  been  met 
with  as  a  congenital  aflection. 

Upon  eversion  of  the  upper  lid  the  cyst  may  be  brought  into  view  as  a 
semi-transparent,  elastic  swelling,  consisting,  perhaps,  of  several  nodules. 
During  a  spell  of  crying  the  cyst  may  become  markedly  increased  in  size. 

Treatment. — This  consists  in  establishing  a  permanent  opening  between 
the  cyst  and  the  conjunctival  sac.  This  may  be  done  by  removing  a  portion 
of  the  cyst-wall  and  preventing  the  closure  of  the  wound  l)y  the  repeated 
introduction  of  a  probe,  or,  as  suggested  by  von  Graefe,  a  silk  thread  may 
be  passed  through  the  wall  of  the  cyst,  tied' in  a  loop,  and  left  to  cut  its  way 
out.' 

Dacryoliths  (Lachrymal  (hlculi).— Chalky  concretions,  known  as 
dacryoUths,  occasionally  form  in  the  lachrymal  gland.  As  they  are  apt  to 
cause  mechanical  irritation,  their  early  removal  (through  a  conjunctival  in- 
cision) is  indicated. 

Dislocation  of  the  I^achrymal  Gland.— This  affection,  sometimes 
described  as  hernia  or  prolapse  of  the  gland,  has  been  met  with  as  a  sponta- 
neous condition,  and  also  as  a  consequence  of  injury  involving  the  neio-h- 
boring  parts.  "  ^ 

Cases  of  spontaneous  dislocation  of  the  gland  have  been  reported  by  Snell 
Noyes,  Mauthner,  and  Briere.    In  Briere's  case  the  luxation  of  the  gland 

/An  interesting  paper  upon  fistuUe  and  cysts  of  the  lachrymal  gland,  bv  Mr  Hulke  mav 
be  found  in  the  Eoyal  London  Ophtkal.  Hasp.  Reps.,  vol.  i.  p.  285.  '  ^ 
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was  due  to  caries  of  the  orbit,  and  was  aceompanied  by  ectropion  of  the 
upper  lid. 

\^on  Graefe  and  Rauipoldi  have  reported  cases  of  traumatic  disloaation  of 
the  gland. 

If  possible  the  gland  should  be  restored  to  its  normal  position,  as  was 
done  successfully  in  von  Graefe'.s  and  in  SnelFs  cases,  and  a  compress 
bandage  should  be  applied  and  worn  for  a  time  to  prevent  a  redislocation. 
If  this  cannot  be  accomplished,  removal  of  the  gland  may  become  necessary 
(see  page  596). 

Hypertrophy  of  the  I^achrymal  Gland.— This  condition  occurs 
more  frequently  in  children  than  in  adults,  and  has  been  known  to  be  of  con- 
genital origin.  The  enlargement 
of  the  gland  may  become  so  great 
as  to  force  the  eyeball  from  the 
orbit,  and  destroy  the  sight  through 
stretching  and  compression  of  the 
optic  nerve. 

The  accompanying  illustration 
(Fig.  181)  represents  a  striking 
example  of  a  case  of  this  character 
which  occurred  in  the  practice  of 
the  late  Prof.  Christopher  John- 
ston of  Baltimore.  The  hyper- 
trophied  gland,  which  was  about 
the  size  of  a  hen's  egg  and  con- 
tained numerous  (hicryoliths,  was 
removed  through  an  incision  made 
parallel  with  the  orbital  margin. 
The  eye  subsequently  resumed 
nearly  its  normal   position,  and 

retained   vision    equal    at   least   to  Fig.  ISl.-Hypertrophy  of  the  lachrymal  gland. 

counting  fingers. 

If  the  enlargement  of  the  gland  is  so  great  as  to  endanger  the  integrity  of 
the  eye,  it  should  be  removed  without  unnecessary  delay  (see  page  596) ;  but 
if  it  is  not  so  great  as  to  interfere  with  vision,  less  radical  measures,  such  as 
the  local  application  of  iodin  or  mercury  and  the  administration  of  the 
iodides,  may  be  tried.  The  fact  that  the  hypertrophic  process  may  be  of 
syphilitic  origin  {mfpliilis  of  the  lachrymal  gland)  should  not  be  lost  sight  of 
in  considering  the  treatment  to  be  ado]ited. 

Atrophy  of  the  I/achrymal  Gland. — This  has  been  observed  in 
xero})hthalmia  (see  page  296).  Arlt  lias  described  a  case  of  this  character 
in  which  the  gland  was  reduced  to  one-third  its  normal  size  and  its  efferent 
ducts  obliterated.  In  paralysis  of  the  trigeminus  the  functional  activity  of 
the  lachrymal  gland  may  be  abolished. 

Tumors  of  the  I^achrynial  Gland. — These  are  rare,  and,  not  infre- 
quently, are  traceable  to  some  previously  received  injury.  They  are  usually 
of  slow  growth  and  occur  oftenest  in  advanced  life.  As  they  increase  in  size 
they  interfere  with  the  movements  of  the  eyeball,  giving  rise  to  diplopia. 
Later  they  produce  exophthalmos,  and  eventually  may  not  only  destroy  sight 
by  the  pressure  which  they  exert  u])on  the  0})tic  nerve — but  which  they  rarely 
invade — but  may  cause  death  by  the  involvement  of  the  brain. 

The  following  varieties  of  tumors  believed  to  have  had  their  origin  in  the 
lachrymal  gland  have  been  observed  :  adenoma,  myxoma,  myxo-sarcoma, 
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lyrapho-sarcoma,  spiiulle-cell  sarcoma,  epithelioma,  cylindroma,  cliloroma, 
and  carcinoma. 

Early  and  comj)lete  removal  of  the  growth  is  of  course  indicated. 
Whether  this  can  be  accomplished  snccessfnlly  without  sacrifice  of  the  eye 
will  de])end  npon  the  size  of  the  tumor  and  the  extent  to  which  it  has  invaded 
tiie  deeper  portions  of  the  orbit.  (ISee  page  596  for  description  of  operation 
for  removal  of  lachrymal  gland.) 

DISEASES  OF  THE  DRAINAGE  APPARATUS. 

All  ])arts  of  the  drainage  apparatus  are  liable  to  pathological  changes, 
and,  whetiier  these  changes  affect  the  puncta,  the  canaliculi,  the  lachrymal  sac, 
or  the  nasal  duct,  a  common  symptom  characterizes  them  all  :  tiie  tears  are  no 
longer  carried  from  the  conjunctival  sac  to  the  nasal  cavity,  as  in  the  normal 
state,  but,  instead,  overflow  the  lids,  giving  rise  to  the  annoying  condition 
known  as  epiphora  or  .sfillleicUuiii  laerymarmn.  Not  only  is  this  condition, 
in  itself,  very  annoying,  but  it  leads  to  chronic  conjunctivitis,  blepharitis,  and 
not  infrequently  to  eczema  of  the  lids  and  cheek. 

Atresia  of  the  I/achrymal  Puncta. — Tiiis  condition  is  met  with  as 
a  congenital  and  as  an  acquired  anomaly. 

Congenital  atresia  of  the  puncta,  of  wliich  not  many  authentic  cases  have 
been  reported,  may  be  attended  by  absence  of  the  corresponding  canaliculi. 
The  writer  has  encountered  one  case  of  this  character,  in  which,  however, 
only  one  punctum  with  its  canaliculus  was  absent. 

Complete  obliteration  of  the  puncta  as  an  acquired  condition  seldom 
occurs,  except  as  the  result  of  destruction  of  neighboring  tissue,  such  as 
happens,  for  example,  from  burns  of  the  eye  by  lime,  etc.  It  has  also  been 
known  to  follow  the  cicatrization  of  a  small-})ox  pustule  and  of  a  chancre  of 
the  lid. 

A  superficial  occlusion  of  the  lower  punctum,  which  is  easily  overcome, 
and  which  is  chiefly  due  to  desiccation  of  the  parts,  is  often  observed  in 
blepharitis  marginalis  complicated  by  ectropion. 

Treatment. — Whether  the  occlusion  be  congenital  or  acquired,  it  is,  as  a 
rule,  overcome  without  much  difficulty,  provided  the  canaliculus  is  not  in- 
volved. A  slight  depression  usually  indicates  the  site  of  the  occluded  punctum, 
and  with  a  straight,  moderately  sharji-pointed  probe,  such  as  is  re]iresented 
in  Fig.  182,  an  opening  may  be  drilled  into  the  canaliculus  at  this  point  and 


Fig.  182.— Sharp-pointed  lachrymal  probe. 

kept  from  reclosing  by  the  occasional  introduction  of  a  somewhat  larger 
j)robe.  If,  however,  the  canaliculus  as  well  as  the  punctum  be  occluded,  or 
if  the  latter  be  everted,  the  canaliculus  M  ill  require  to  be  slit  up  to  its  point 
of  juncture  with  the  lachrymal  sac.  (For  description  of  this  operation  see 
page  596.) 

As  congenital  anomalies  double  puncta  and  double  canaliculi  have  been 
observed,  and  in  connection  with  absence  of  the  puncta  the  canaliculi  have 
been  represented  by  slight  furrows  along  the  lid-margin. 

Malpositions  of  the  Puncta.— In  their  normaf  position  the  puncta 
lie  in  contact  with  the  eyeball.  Malpositions  of  the  upper  puncta  are 
not  common,  but  faulty  positions  of  the  lower  puncta  are  frequently  met 
with. 
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Eversion  of  the  piincta  is  present  in  nearly  all  cases  of  ectropion  ;  it  also 
occurs  in  inflammatory  thickening;  of  the  lid-margin,  in  senile  relaxation  of 
the  palpebral  tissue,  and  in  facial  paralysis. 

Invention  of  the  puncta  is  met  with  in  entropion.  Occasionally,  owing  to 
the  small  size  or  deeply-set  jiosition  of  the  eyeball,  the  puncta  are  not  in 
apposition  with  it,  and  epiphora  results,  as  it  does  when  the  puncta  are 
everted,  through  failure  of  the  tears  to  find  their  way  into  the  canaliculi. 

Treatment. — The  elficient  remedy  in  all  malpositions  of  the  puncta  is 
division  of  the  canaliculus.  It  not  only  relieves  the  e])iphora,  but  usually 
leads  to  the  rapid  disappearance  of  the  conjunctivitis  and  blepharitis  which 
are  its  common  accompaniments. 

Atresia  of  the  Canaliculi  may  occur  as  a  congenital  defect  in  con- 
nection with  absence  of  the  puncta,  as  has  already  been  mentioned  ;  it  may 
also  be  of  traumatic  origin. 

Circumscribed  strictures  of  the  canaliculi,  located  usually  near  the  juncture 
of  the  canaliculi  and  the  lachrymal  sac,  are  of  frequent  occurrence,  especially 
in  association  with  stenosis  of  the  nasal  duct. 

AVhen  the  canaliculi  are  completely  obliterated  their  restoration  by  opera- 
tive procedure  is  impracticable ;  but  it  may  be  possible  to  make  a  passage- 
way directly  into  the  lachrymal  sac,  and  by  repeated  probings  cause  it  to 
remain  patulous,  as  was  done  in  the  case  to  which  allusion  has  been  made 
under  the  head  of  Atresia  of  the  Puncta.  The  circumscribed  strictures  may 
usually  be  overcome  by  the  passage  of  a  small  lachrymal  probe  or  of  the 
straight  probe  shown  in  Fig.  182.  Division  of  the  canaliculus  may  be  called 
for  if  the  stricture  is  difficult  to  overcome  or  is  disposed  to  recur. 

i)rtcr?/o^<7/is  occasionally  form  in  the  canaliculi.  They  were  formerly  sup- 
posed to  be  simply  concretions  of  lime,  but  are  now  known  to  be  composed 
in  great  part  of  a  fungus  believed  by  some  investigators  to  be  identical  with 
the  leptothrix  buccalis.  Cohn,  however,  denies  this,  and  suggests  the  name 
streptotlirix  Forsteri.  Goldzieher  has  met  with  cases  in  which  a  cilium  occu- 
pied the  center  of  the  dacryolith,  and  was  probably  the  exciting  cause  of  its 
development.  The  presence  of  dacryoliths  in  the  canaliculus,  which  may  be 
detected  by  the  circumscribed  swelling  to  which  they  give  rise,  causes  epiphora 
and  may  excite  conjunctivitis.  Their  early  removal,  which  may  necessitate 
division  of  the  canaliculus,  is  indicated. 

Polypi  have  been  known  to  form  in  the  canaliculi,  and  may  project 
through  the  puncta.  They  should  be  removed,  the  canaliculus,  if  necessary, 
being  divided,  as  soon  as  their  presence  is  recognized. 

Foreign  bodies,  such  as  eyelashes,  bits  of  the  beard  of  wheat  and  barley, 
occasionally  find  their  way  into  the  canaliculi,  where  they  may  remain  for  a 
long  time,  causing  considerable  annoyance.  If  they  project  through  the 
puncta,  they  may  be  seized  with  forceps  and  easily  withdrawn  ;  otherwise 
division  of  the  canaliculus  may  be  necessary  to  effect  their  removal.  In  one 
instance  (reported  by  Haffiier)  an  ascaris  hiitibricoides  was  i*emoved  from  the 
lower  canaliculus. 

Dacryocystitis. — Inflammation  of  the  lachrymal  sac,  or  dacryocystitis, 
occurs  as  a  chronic  and  as  an  acute  affection.  The  former  is  usually  denomi- 
nated blennorrhea  of  the  lachrymal  sac,  w^hile  the  latter  is  often  spoken  of  as 
abscess  of  the  sac. 

Btiolog-y  and  Symptoms. — Primary  inflammation  of  the  lachrymal  sac 
is  of  rare  occurrence.  It  is  oftenest  met  with  in  the  new-born,  usually  in  the 
form  of  a  mild  blennorrhea  ;  it  is  said  to  occur  in  strumous  children,  and  it 
may  be  excited  by  external  violence  or  the  entrance  into  the  sac  of  an  irritant 
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fluid.  In  tlie  larw  inaioritv  of  oases  dacryocystitis  is  secondary  to,  and 
de})endent  upon,  stricture  of  the  nasal  duct. 

Altiiough  iurtaniiuation  of  the  lachrymal  sjic  frequently  gives  rise  to  con- 
junctivitis and  keratitis,  the  reverse  rarely  happens.  The  truth  of  this  state- 
ment is  strikingly  illustrated  in  gonorrheal  conjunctivitis.  Although  the 
gonococci  doubtless  find  their  way  in  great  numbers  into  the  lachrymal  sac, 
(iacrvocvstitis  as  a  complication  of  gonorrheal  conjunctivitis  is,  so  far  as  the 
writer  can  learn,  practically  unknown. 

On  the  other  hand,  there  is  the  closest  pathological  symjjathy  between  the 
lachrymal  sac  and  duct  and  the  nasjd  passages,  and  doubtless  in  a  majority 
of  cases  dacryocystitis  is  traceable,  directly  or  indirectly,  to  nasal  disease. 
Such  being  the  case,  it  is  not  surprising,  when  one  bears  in  mind  how  almost 
universally  prevalent  catarrhal  affections  of  the  nasal  mucous  membrane  are, 
that  inriammati(,)n  of  the  lachrymal  sac  and  nasal  duct  should  be  of  compara- 
tively frequent  occurrence. 

Watering  of  the  eyes  is  a  usual  symptom  of  acute  rhinitis,  and  probably 
in  most  pronounced  cases  of  this  atfection  the  mucous  membrane  lining  the 
lachrymal  drainage  apparatus  jxirticipates  to  a  greater  or  less  extent  in  the 
general  nasal  catarrh.  With  the  subsidence  of  the  rhinitis  the  lachrymal 
catarrh  and  the  transient  occlusion  of  the  nasal  duct  which  has  probably 
accompanied  it  usually  disappear,  and  the  parts  return  to  a  healthy  con- 
dition. 

Exceptionally,  however,  because  of  the  severity  of  the  inflammation,  the 
occurrence  of  a  second  or  third  attack  before  the  first  has  been  recovered 
from,  a  congenital  narrowness  of  the  nasal  duct,  or  a  peculiar  susceptibility 
of  the  lachrymal  passages  to  disease  (a  susceptibility  which  is  not  infrequently 
inherited),  the  inflamnmion  of  the  walls  of  the  duct  does  not  subside  with 
the  nasal  affection,  and  presently  assumes  a  more  serious  character. 

Under  such  circumstances  the  inflammation,  w^hich  at  first  was  simply  a 
catarrh  of  the  nnicous  membrane,  invades  the  underlying  periosteum,  and  the 
temporary  occlusion  of  the  duct  from  engorgement  of  the  submucous  plexus 
of  veins  gives  place  in  time  to  a  permanent  stenosis  from  periosteal  and  osteal 
thickening.  In  this  way — and,  perhaps,  still  more  frequently  from  the  ex- 
tension of  chronic  inflammatory  affections  of  the  nose  to  the  lachrvmal 
])assages — stricfiire  of  the  nasal  chief,  which,  as  has  been  said,  is  the  usual 
forerunner  of  dacryocystitis,  commonly  arises. 

The  chronic  nasal  affections  of  inherited  and  acquired  syphilis,  it  mav  be 
remarked,  are  especially  liable  to  involve  the  lachrymal  apparatus.  Blows 
upon  the  bridge  of  the  nose  or  about  the  inner  angle  of  the  eye  may  not  only 
cause  inflammation  of  the  lachrymal  sac,  as  has  been  indicated,  but  may  lead 
to  the  development  of  stricture  of  the  nasal  duct. 

When  once  the  occlusion  of  the  duct  is  complete,  the  tears,  mucus,  and 
ej)ithelial  debris  which  collect  in  the  lachrymal  sac  are  invaded  by  bacteria 
and  undergo  ])utrefactive  changes.  This  soon  leads  to  inflammation  of  the 
lining  membrane  of  the  sac,  and  the  condition  known  as  chronic  dacryocystitis 
or  blennorrhea,  of  the  lachrymal  sac  becomes  established. 

This  condition  does  not  give  rise  to  pain,  but  the  attendant  epiphora  and 
regurgitation  of  mucus  and  muco-pus  through  the  puncta  into  the  conjunc- 
tival sac  not  only  cause  great  annoyance,  but,  as  has  been  stated,  mav  bring 
on  chronic  conjunctivitis  and  blepharitis,  and  even  corneal  inflammation. 

The  accumulation  of  tears  and  mucus  frequently  leads  to  a  perceptible 
distention  of  the  sac  (mucocele),  which  disappears  under  slight  pressure  with 
the  tip  of  the  finger,  the  contents  of  the  sac  usually  regurgitating  through  the 


A  CUTE  DA  CB  YO CYSTITIS. 


puncta,  but  exceptionally,  when  the  stenosis  of  the  duct  is 
escaping  into  the  nose  (Fig.  183). 
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Fig.  183. — Mucocele;  fracture  of  superior  maxilla;  exostoses  of  nasal  bones.    (Case  under  care  of  Dr. 

de  Schweinitz  in  the  Philadelphia  Hospital.) 

In  some  instances  this  state  of  chronic  catarrhal  inflammation  lasts  indef- 
initely, without  undergoing  appreciable  change  ;  but  in  others,  through  the 
influence  of  cold,  a  slight  traumatism, 
the  entrance  into  the  lachrymal  sac  of 
pyogenic  organisms  of  unusual  viru- 
lence,^ some  constitutional  disorder  or, 
as  seems  to  haj)pen  not  infrequently, 
the  sudden  occlusion  of  the  canaliculi 
at  their  point  of  junction  with  the  sac, 
the  inflammation  undergoes  a  sudden 
and  acute  aggravation. 

Severe  pain,  accompanied  by  great 
distention  of  the  sac  and  marked  edema 
of  the  lids  and  surrounding  parts,  comes 
on,  and  decided  evidences  of  consti- 
tutional disturbance,  such  as  fever,  loss 
of  appetite,  sleeplessness,  etc.,  manifest 
themselves.  These  are  the  symptoms 
which  characterize  acute  dacryocyMfim 
or  abscess  of  the  lachrymal  sac  (Fig. 
184),  and  which  in  many  cases  of  stric- 
ture of  the  nasal  duct  recur  from  time 
to  time  so  long  as  the  occlusion  of  the 
duct  is  permitted  to  remain. 

After  several  days  of  intense  suf- 
fering the  integument  over  the  sac  assumes  a  yellowish  appearance,  becomes 
thinned,  and,  if  left  to  itself,  usually  gives  way  at  a  point  just  below  the 

'  Besides  the  commoner  pvo<i;enic  organisms,  the  streptococcus  pyogenes  has  been  found  in 
dacryocystitis,  especially,  it  is  claimed,  in  the  acute  exacerbations. 


Fig.  184.— Acute  dacryocystitis. 
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internal  pali>el)ral  ligament,  juTniitting  the  purulent  contents  of  the  sac  to 
escajKS  and  atton lino-  the  individual  immediate  and  almost  complete  relief  from 
his  sutlerings.  E.\eei)tionally,  tiie  infianunation  subsides  w  ithout  perforation  of 
the  sac,  and  the  pus  ultimately  escapes  through  the  canaliculi  and  puncta. 

It  is  a  fiict  worthy  of  remark  that  during  an  attack  of  acute  dacryocystitis 
it  is  scarcely  ever  possible  to  empty  the  distended  sac  by  external  ])ressure, 
although  after  the  subsidence  of  the  acute  inflammation  pressure  will  usually 
cause  tile  contents  of  the  sac  to  regurgitate  tiirough  the  canaliculi  and  puncta, 
as,  in  all  probability,  was  the  case  before  its  onset.  From  this  it  would  seem 
probable  that  when  the  sac  is  unduly  distended  a  valve-like  closure  of  the 
canaliculi  at  their  point  of  juncture  with  the  sac  occurs;  and  it  may  be  that 
this  is  often  a  potent  factor  in  the  causation  of  acute  dacryocystitis. 

After  the  contents  of  the  acutely  inflamed  lachrymal  sac  have  been 
evacuated,  either  spontaneously  or  by  an  incision,  the  inflammation  raj)idly 
subsides,  and  within  ten  days  or  two  weeks  the  opening  through  which  the 
discharge  has  occurred  usually  closes,  and  the  sac  resumes  its  previous 
condition  of  chronic  blennorrhea. 

Exceptionally,  however,  the  cicatrization  of  the  opening  is  prevented  by 
the  continual  discliarge  through  it  of  tears  and  muco-pus,  and  the  condition 
known  as  lachrymal  fistula  becomes  established — to  remain,  perhaps,  for  an 
indefinite  period. 

Treatment  of  Dacryocystitis. — There  is  but  one  effectual  and  rational 
way  of  curing  dacryocystitis,  and  that  is  by  eradicating  the  stenosis  of  the 
nasal  duct  upon  which,  as  has  been  stated,  it  almost  invariably  depends. 

During  an  attack  of  acute  inflanniiation  of  the  sac,  and  for  some  days 
after  its  subsidence,  operative  interference  with  the  strictured  duct  is  out  of 
the  question,  and  we  must,  for  the  time  being,  content  ourselves  with  the 
administration  of  anodynes  and  such  other  constitutional  remedies  as  the 
condition  of  the  patient  may  seem  to  call  for,  and  the  local  a])plication  of 
soothing  fomentations,  to  be  followed,  in  all  probability,  by  an  early  incision 
tifrough  the  anterior  wall  of  the  sac,  below  the  internal  palpebral  ligament. 
Such  an  incision,  if  made  in  the  direction  in  which  the  skin  tends  to  wrinkle 
— that  is,  from  above  and  toward  the  nose  downward  and  outward — does  not 
leave  a  perceptible  scar,  and  gives  a  freer  exit  to  the  retained  pus  than  does 
an  incision  into  the  sac  along  the  canaliculus. 

A  pad  of  gauze  wet  with  a  lotion  of  opium  and  boric  acid  (ext.  opii, 
gr.  x-xv,  acid,  boric,  gr.  Ix,  aq.  destil.,  siv),  and  covered  with  a  piece  of 
rubber  "  protective  "  to  prevent  evaporation,  forms  a  cleanly  and  convenient 
substitute  for  a  poultice,  and  will  be  found  a  very  useful  application  in  these 
cases. 

In  chronic  blennorrhea  of  the  sac,  if  for  any  reason  it  is  not  practicable  to 
treat  the  strictured  nasal  duct,  a  considerable  measure  of  relief  may  be  obtained 
from  slitting  the  lower  canaliculus  and  prescribing  a  collyrium,  either  of 
bichlorid  of  mercury  (1  :  12,000)  or  of  alum  (gr.  ij)  and  boric  acid  (gr.  x- 
XV  to  an  ounce),  to  be  dropped  into  the  eye  two  or  three  times  a  day,  explicit 
instructions  being  given  to  empty  the  sac  of  its  contents  by  pressure  with  the 
finger-tip  before  each  instillation  of  the  drops. 

It  is  well  to  bear  in  mind  that  al)scesses  occasionally  occur  in  the  neigh- 
borhood of  the  lachrymal  sac  (prelachrymal  abscess),  which,  from  their 
appearance  only,  cannot  always  be  distinguished  from  dacryocystitis.  The 
history  of  the  case,  however,  showing  the  absence  of  pre-existing  symptoms 
of  lachrymal  disease,  will  usually  make  the  diagnosis  plain. 

Stricture  of  the  Nasal  Duct.— As  to  the  diologt/  of  obstructions  of 
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the  nasal  duct,  little  need  be  added  to  wluit  has  already  been  said  upon  this 
subject  in  treating  of  Dacryocystitis.  How  often  sypliilis,  botli  inherited 
and  acquired,  is  a  factor  in  their  causation,  especially  when  it  has  invaded 
the  nasal  passages,  has  already  been  pointed  out.'  Syphilitic  gumniata  liave 
been  met  with  in  tlie  lachrymal  sac,  as  well  as  in  the  duct.  Tuberculosis  of 
the  nose,  through  extension  to  the  lachrymal  passages,  has  been  kno^^'n  to 
cause  stenosis  of  the  duct,  and  polypi  of  the  lachrymal  sac  to  produce  a  like 
effect.  The  exanthematous  fevers — measles,  scarlet  fever,  and  small-pox — 
also  may  lead  to  occlusion  of  the  duct  through  the  inflammation  of  the  nasal 
mucous  membrane  which  attends  them. 

As  to  the  location  of  the  stricturefi,  there  is  no  part  of  the  duct  in  which 
they  are  not  frequently  encountered,  although  their  most  common  situation 
is  at  its  upper  extremity.  Multiple  stricture,  at  least  in  cases  of  long  stand- 
ing, is  the  rule. 

As  the  strictures  are  the  outcome  of  periosteal  inflammation,  they  are  almost 
invariably,  in  part  at  least,  of  bony  structure.  They  may  be  circumscribed 
and  annular  in  form  (a  thin  bony  septum  being  sometimes  encountered),  or  ill 
defined  and  of  wide  extent,  involving  a  considerable  part  of  the  length  of  the 
duct.  When  situated  at  the  lower  extremity  of  the  duct  their  existence  is 
not  so  easily  recognized,  and  it  may  happen  that  a  mistake  of  this  kind  will 
render  the  treatment  of  no  avail. 

The  stenosis  of  the  lachrymal  duct  which  occurs  in  the  new-born  is  usually 
of  an  entirely  different  character,  being  due  simply  to  tumefaction  of  the  mem- 
branous walls  of  the  canal,  and  in  consequence  it  generally  yields  readily  to 
treatment,  operative  interference  being  only  exceptionally  called  for.  A  sim- 
ilar condition  is  occasionally  met  with  in  adults,  and  may  be  suspected  if  the 
symptoms  of  occlusion  of  the  duct  are  of  but  short  duration. 

Prognosis  and  Treatment. — Tlie  confessedly  poor  results  which,  in  the 
main,  have  been  obtained  in  the  treatment  of  strictures  of  the  nasal  duct  are, 
in  the  writer's  opinion,  attributable  chiefly  to  the  inadequate  size  of  the 
probes  which  are  commonly  employed  to  overcome  the  stenosis.  The  great 
merit  of  the  invaluable  operation  devised  by  Bowman  of  slitting  the  cana- 
liculus as  a  preliminary  step  in  the  treatment  of  lachrymal  strictures  (see  page 
596)  is  that  it  permits  the  passage  of  probes  sufficiently  large  to  overcome 
entirely  the  stenosis  and  restore  completely  the  normal  caliber  of  the  canal. 
Nevcrtiieless,  Bowman  himself  fell  far  short  of  a])preciating  this  flict,  as  is 
shown  by  the  small  size  of  the  probes  which  he  employed,^  and,  owing  to  an 
unreasoning  conservatism,  which  those  who  have  emancipated  themselves 
from  its  influence  can  scarcely  comprehend,  the  same  may  be  said,  even  at 
the  present  dav,  of  the  great  majority  of  those  who  have  followed  his  plan  of 
treatment.  The  absurdity  of  attempting  with  a  probe  of  1.50  mm.  diameter 
to  restore  to  its  normal  dimensions  an  occluded  canal  which  in  health  has  an 
average  diameter  (measured  in  its  shortest  axis)  of  somewhat  more  than  4  mm.,'^ 
it  would  seem  should  be  evident  to  all ;  but  experience  shows  that  such  is  far 
from  being  the  case. 

^  Seventeen  out  of  two  hundred  and  forty  cases  of  stricture  of  the  nasal  duct  in  Galezow- 
ski's  clinic  were  found  to  be  of  syphilitic  origin. 

^  The  largest  of  Bowman's  probes,  No.  6,  had  a  diameter  of  about  1.3  mm.,  or,  according  to 
Soelberg  Wells,  about  ^"  inch.  Dr.  Isaac  Hays  of  Thiladelphia,  it  may  be  remarked,  had 
previously  used  a  slightly  larger  probe  than  tliis  (1.50  mm.)  without  dividing  the  canaliculus. 

'  See' paper  bv  the  writer  upon  "The  Use  of  Large  Probes  in  the  Treatment  of  Strictures 
of  the  Nasal  Duct,"  Tmn.'<.  Med i(xd  and  Chirurg.  Facidiy  of  Maryland,  1877,  p.  154;  also  measure- 
ments of  the  nasal  duct  given  by  Mr.  Henry  Power  in  "  Lectures  upon  Diseases  of  the  Lach- 
rymal Apparatus,"  published  in  the  London  Lancet,  1886,  vol.  ii. 
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The  accompanying  illnstration  (Fig.  185),  which  represents  graphically 
the  results  of  nieasurenients  of  the  nasal  duct  made  by  the  writer,  and  de- 
scribed in  the  paper  to  which  reference  has  been  given,  is  in  this  connection 
instructive  : 

•      Bowman's  No.  6  probe  ;  diameter  =  1.50  mm. 
Theobald's  No.  16  probe ;  diameter  =  4  mm. 


Average  size  of  10  adult  nasal  ducts,  cadaver;  diameter  = 
4.47  +  mm. 


Largest  of  10  adult  nasal  ducts,  cadaver  ;  diameter  =  5.25  mm. 

Largest  of  70  bony  nasal  ducts  ;  diameter  =  7  mm. 
Fig.  18,5.— Diameters  of  probes  and  nasal  ducts. 

Besides  the  treatment  by  means  of  probes,  there  are  other  methods  of 
dealing  with  stenosis  of  the  duct  and  its  accompanying  dacryocystitis  which 
have  their  advocates.  Although  the  gold  canula  of  AVathen  and  Dupuytren 
is  probably  scarcely  ever  used  at  the  present  day,  there  are  many  who  still 
employ  styles  of  ditferent  patterns  made  of  lead,  silver,  or  aluminum,  and 
others  who  practise  division  of  the  strictures  as  recommended  by  Stilling,  to 
whom  the  credit  of  having  originated  this  method  of  treatment  is  usually 
given.  The  interesting  fact,  however,  has  recently  come  to  the  writer's 
knowledge  that  as  early  as  1846  the  late  Prof.  Nathan  R.  Smith  of  Baltimore 
dealt  with  lachrymal  strictures  in  this  manner,  and  devised  a  knife  of  peculiar 
pattern  for  this  especial  purpose.' 

In  intractable  cases  of  dacryocystitis  dependent  upon  occlusion  of  the 
nasal  duct,  which  have  failed  to  yield  to  less  radical  measures,  removal  of 
the  lachrymal  gland  (see  page  596),  and  also  excision  of  the  lachrymal  sac 
(see  page  597)  or  its  destruction  by  means  of  caustics  or  the  galvano-  or 
thermo-cautery  (see  page  597),  are  practised  by  some  ophthalmic  surgeons, 
and,  it  is  claimed,  with  excellent  results.  The  writer  has  had  no  experience 
with  these  last-mentioned  procedures,  not  having  encountered  cases  in  which 
such  radical  measures  seemed  to  be  indicated.  As  to  the  employment  of 
styles,  his  experience  with  them  has  not  been  satisfactory,  and  leads  him  to 
regard  them  as  of  limited  applicability,  being  useful  only  when  time  will  not 
permit  of  the  proper  carrying  out  of  the  probing  treatment. 

Briefly  described,  the  writer's  method  of  dealing  Avith  strictures  of  the 
nasal  duct,  which  he  has  employed  almost  without  exception  in  all  cases  that 
have  come  into  his  hands  during  the  past  twenty  years,  and  which  has  yielded, 
as  a  rule,  most  gratifying  results,  is  as  follows  : 

The  lower'^  canaliculus,  after  having  been  slightly  dilated  by  the  passage 
of  a  No.  1  or  No.  2  jjrobe  (cocain  having  been  previou.sly  instilled  into  the 
conjunctival  sac),  is  divided  well  up  to  its  juncture  with  the  lachrymal  sac 
with  Weber's  beak-pointed  canaliculus  knife  (Fig.  415),  or.  preferably,  with 

'  See  the  writer' .s  article  upon  "Diseases  ()f  the  Lachrymal  Ajjparatus,"  in  a  System  of 
Diseases  of  the  Eye,  edited  by  Norris  and  Oliver,  vol.  iii. 

Some  surgeons  prefer  to  divide  tlie  upper  canaliculus  and  to  introduce  the  probes  through 
it,  but  this  seems  to  the  writer  a  more  ditficnlt  and  comparatively  awkward  procedure. 
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the  modification  of  the  knife  represented  in  Fig.  416.  An  effort  is 
then  made  to  pass  into  the  sac  and  tlirough  the  <hict  a  No.  5  or  No.  6 
of  the  writer's  series  of  hiehrymal  probes  (usually  the  former)'  (see  Fig. 
419,  page  598).  If  the  probe  enters  fairly  into  the  lachrymal  sac,  any 
reasonable  amount  of  force  which  may  be  necessary  to  })ass  it  through  the 
occluded  duct  to  the  floor  of  the  nose  is  employed  without  hesitation,  care 
being  exercised  that  it  does  not  take  a  wrong  course.  If,  owing  to  a  con- 
striction at  the  juncture  of  the  canaliculus  and  the  sac  (a  condition  which 
is  not  infrequently  met  with,  and  which  occasionally  greatly  complicates  the 
treatment),  the  })oint  of  the  pn^be  is  arrested  and  prevented  from  entering 
the  sac,  a  smaller  probe.  No.  4  or  No.  3,  is  tried.  If  neither  of  these  can  be 
introduced,  it  is  best  to  desist  from  further  efforts  and  to  wait  for  forty-eight 
hours,  when  very  often  the  difficulty  previously  experienced  in  entering  the 
sac  will  be  found  to  have  disai)pearcd.  If  this  does  not  prove  to  be  the  case, 
an  opening  is  drilled  through  the  constriction  with  the  sharp-pointed,  straight 
probe  (Fig.  182),  or,  the  lid  being  kept  well  upon  the  stretch,  a  No.  5  probe 
is  passed  along  the  canaliculus  to  the  point  of  resistance  and  is  then  turned 
vertically  and  forced  into  the  sac — a  procedure  which,  if  possible,  should  be 
avoided,  as  it  may  result  in  the  making  of  a  false  passage  directly  from  the 
canaliculus  into  the  duct.  Exceptionally,  the  constriction  must  be  divided 
with  a  sharp-pointed  knife,  the  old-fashioned  cataract  knife  of  Sichel  being 
especially  convenient  for  this  purpose. 

The  probe,  after  being  passed  entirely  through  the  duct  to  the  floor  of  the 
nose,  is  allowed  to  remain  in  situ  for  from  ten  to  twenty  minutes.  The  probing 
is  repeated  during  the  early  stages  of  the  treatment  every  other  day,  usually 
a  size  larger  probe  being  passed  each  time.  The  size  of  the  largest  probe 
wiiich  it  is  desirable  to  use  will  of  course  vary  in  different  cases,  but  there  are 
very  few  in  which  it  is  well  to  stop  short  of  No.  14,  for  it  is  to  be  borne  in 
mind  that  our  purpose  is  to  obliterate  the  stricture  completely  (not  simply  to 
make  a  small  opening  through  it)  and  to  restore  the  normal  caliber  of  the 
duct.  In  about  two-thirds  of  all  his  cases  (including  children  as  well  as 
adults)  the  writer  introduces  No.  16.  In  passing  the  larger  probes  consider- 
able force  is  sometimes  employed.  This  has  been  found  not  only  to  be  per- 
missible, but,  instead  of  doing  harm,  as  many  maintain  must  necessarily  be 
the  case,  its  effect  upon  the  carious  walls  of  the  duct  is  distinctly  curative,  the 
result  being  not  unlike  that  produced  by  the  curetting  of  diseased  bone  in 
other  parts  of  the  body. 

When  as  large  a  probe  has  been  introduced  as  is  deemed  necessary,  the 
interval  between  the  probings  is  gradually  increased,  first  to  three  or  four 
davs,  then  to  a  week,  a  fortnight,  and  finally  to  a  month  or  two  months;  and 
when  several  of  these  longer  intervals  have  elapsed  without  any  tendency  to 
recontraction  having  manifested  itself,  the  case  is  dismissed  with  full  assurance 
that  a  permanent  cure  has  been  effected.  Including  these  longer  intervals 
the  treatment  frequently  extends  over  a  period  of  eight  or  ten  months  ;  but 
the  active  treatment,  involving  the  frequent  probings,  is  comprised  within  as 
many  weeks. 

'Electrolysis  has  been  tried  by  the  writer  to  a  limited  extent,  to  promote 
the  more  rapid  absorption  of  lachrymal  strictures;  but,  so  for  as  could  be 
judged,  its  effect  was  inappreciable.     The  chloride-of-silver,  "  dry-cell," 

^  The  series  comprises  sixteen  sizes.  No.  1  has  a  diameter  of  0.25  mm.,  and  the  sizes  in- 
crease by  0.25  mm.,  the  largest  of  the  series,  No.  16,  having  a  diameter  of  4  mm.  The  smaller 
sizes,  from  No.  1  to  No.  (J,  are  made  of  coin-silver;  the  larger  sizes,  from  No.  8  to  No.  16,  of 
^iluminium  or  of  copper,  nickel-plated. 
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battery  is  convenient  for  tliis  })iirpose.  From  eight  to  tAvelvc  cells  may  be 
used,  Ihe  negative  pole  being  connected  with  a  probe  which  has  been  intro- 
duced into  the  duct,  while  a  moist  sponge  connected  with  the  positive  pole  is 
held  in  contact  with  the  cheek. 

No  attempt  is  made  by  means  of  syringes  to  inject  antiseptic  or  other 
solution  into  the  lachryniarsac,  but,  instead,  a  collyrium  is  prescribed,  which 
tlie  patient  is  instructed  to  drop  into  the  inner  corner  of  the  eye  three  times  a 
dav,  after  having  pressed  out  the  contents  of  the  sac  with  the  finger-tip.  ^  The 
coilyria  which  have  been  found  most  useful  are  a  solution  of  bichlorid  of 
mercury  (1  :  12,000)  and  one  of  alum  and  boric  acid,  containing  2  per  cent, 
of  boric  acid  and  one-half  of  1  ])er  cent,  of  alum.  Fornialdehyd  (1  : 2000) 
is  much  em})loyed  by  some  surgeons,  as  are  all  of  the  usual  antiseptic  and 
astringent  coilyria. 

The  presence  of  a  lachrymal  fistula,  even  when  accompanied  by  caries  of 
the  underlying  bone,  has  not  seemed  to  call  for  especial  treatment.  The  fis- 
tula has  been  found  to  heal  promptly,  and  the  carious  bone  to  become  re-cov- 
ered with  periosteum  as  soon  as  the  stenosis  of  the  duct  has  been  overcome 
by  the  passage  of  tlie  large  probes. 

The  frequent  dej)endence  of  lachrymal  disease  upon  nasal  catarrh  is  kept 
constantly  in  mind,  and  treatment  is  directed  to  the  nasal  passages  whenever 
it  seems  to  be  indicated.  For  this  purpose  a  WTak  solution  of  bichlorid  of 
mercury  (1  :  5000),  to  which  is  added  a  small  quantity  of  chlorid  of  sodium 
and  glycerin,  applied  to  the  nose  several  times  a  day  by  means  of  a  hand- 
atomizer,  has  been  found  especially  efficacious.  (For  full  particulars  in  refer- 
ence to  measures  suited  to  such  conditions  see  sections  devoted  to  diseases  of 
the  rhino-pharynx.) 

The  length  of  time  during  which  the  probing  must  be  kept  up  varies  con- 
siderably in  different  cases;  but  it  is  a  safe  rule  not  to  discontinue  the  use  of 
tlie  probe  altogether  as  long  as  there  is  any  evidence  of  dacryocystitis  or  any 
rougliness  of  the  walls  of  the  duct  noticeal)le  on  passing  the  probe.  In  obsti- 
nate cases,  however,  it  is  well  to  lengthen  the  interval  between  the  probings, 
as  it  sometimes  happens  that  the  inflammation  is  ke])t  up  l)y  the  too  frequent 
introduction  of  the  probe.  In  several  instances,  wlien  patients  from  a  distance 
could  not  remain  under  treatment  as  long  as  was  thought  desirable,  it  has  l)een 
found  practicable  to  teach  them  to  probe  their  own  nasal  ducts  with  the  large 
probes  which  had  been  previously  introduced,  cocain  being  first  instilled 
to  minimize  the  pain.  In  this  way  relapses,  which  otherwise  might  have 
occurred  from  the  too  early  discontinuance  of  the  treatment,  have  been 


Fig.  186  — Modified  form  of  lachrymal  probe  for  use  by  patients  (actual  size). 


avoided.  The  probe  represented  in  Fig.  186  was  devised  by  the  writer  for 
this  purpose,  and  has  been  found  very  useful. 

In  the  transient  occlusion  of  the  nasal  duct  which  occurs  in  the  new-born 
operative  interference,  as  has  been  stated,  is  seldom  called  for ;  nevertheless 
if  the  coilyria  of  bichlorid  of  mercury,  of  alum  and  boric  acid,  and,  per- 
haps, a  Aveak  solution  (gr.  i  to  .^j)  of  nitrate  of  silver,  have  been  tried  per- 
severingly  without  effect,  it  may  become  necessary  to  divide  the  canaliculus 
and  introduce  a  probe.    The  outcome  of  this  treatment  is  usually  very  satis- 
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factory,  and  it  is  seldom  necessary  to  repeat  the  probing  oftener  than  fonr  or 
five  times.  In  a  case  of  this  character  in  a  cliild  fifteen  months  old  recently 
under  treatment,  and  in  which  a  complete  cure  was  effected,  the  duct  was 
probed  in  all  ten  times.  No.  12,  the  largest  probe  used,  being  introduced  upon 
five  successive  occasions. 

The  writer's  experience  with  the  radical  treatment  of  strictures  of  the 
nasal  duct  by  the  use  of  large  probes  now  extends  over  a  j^eriod  of  nearly 
twenty  years,  during  which  time  he  has  employed  it  in  a  large  number  of 
cases,  and  has  had  the  opjjortunity  of  seeing  many  of  them,  from  time  to 
time,  for  long  periods  after  the  discontinuance  of  the  probing ;  and  his  obser- 
vation is  that  the  cases  in  which  the  treatment  is  systematically  carried  out 
in  the  manner  which  has  been  described  are,  with  comparatively  few  excep- 
tions, completely  and  permanently  cured. 

18 


DISEASES  OF  THE  CONJUNCTIVA. 

By  JOHN  K.  WEEKS,  M.  D., 

OF  NEW  YORK  CITY. 


Congenital  Anomalies  of  the  Conjunctiva. — Pig-ment-patches, 
like  moles,  sometimes  appear  on  the  conjunctiva,  accompanying  moles  of  the 
face. 

Dermoid  tumors  develoj)  on  the  ocular  conjunctiva  (often  extending 
on  to  the  cornea),  at  the  caruncle,  and  at  the  upper  outer  quadrant  of  the 
globe  (see  page  329),  They  are  at  times  associated  with  coloboma  of  the 
lids.    They  may  be  pigmented.    Dermoid  cysts  have  also  been  observed. 

Telangiectatic  patches  may  appear  on  the  caruncle  and  also  on  the 
palpebral  conjunctiva.  Tliey  are  Hat,  slightly  elevated,  bright  red  in  color, 
and  often  accompany  telangiectatic  patches  on  the  lids  and  face. 

Cavernoma  of  the  conjunctiva  also  exists  as  a  congenital  growth.  The 
color  is  dark  blue,  and  the  conjunctiva  is  bulged  forward  at  the  affected  part. 
When  the  head  is  lowered  or  the  cliild  cries  or  coughs  the  tumor  increases 
in  size. 

Small  subconjunctival  lipomata  may  accompany  congenital  coloboma  of 
the  lids  or  may  exist  alone. 

Well-developed  bone-tissue  has  been  observed  situated  beneath  the  ocular 
conjunctiva,  between  the  margin  of  the  cornea  and  the  outer  commissure. 

The  caruncle  may  present  an  abnormal  development  of  hair  (f?-/c/io.s«'.s 
caritncukp).  Congenital  duplication  of  the  caruncle  has  been  reported  by 
Stephenson. 

Hyperemia  of  the  Conjunctiva  {Dry  Catarrh). — This  condition 
usually  affects  the  palpebral  conjunctiva,  and  is  manifested  by  a  persistent 
redness  with  no  appreciable  thickening.  The  posterior  system  of  conjunctival 
vessels  is  involved. 

Etiology. — The  causes  of  this  affection  are  numerous,  and  comprise  the 
entrance  of  minute  irritating  })articles  into  the  conjunctival  sac,  exposure  to 
strong  winds,  cold,  heat,  and  glare  of  light.  Conjunctival  hyperemia  may  be 
produced  by  use  of  the  eyes  with  poor  illumination,  eye-strain  from  errors 
of  refraction  or  muscular  irregularities,  by  too  continuous  use  of  the  eyes  on 
fine  work,  by  indigestion,  alcoholic  i)everages,  rheumatic  gout,  vaso-motor 
disturbances,  nasal  catarrh,  lachrymal  disease,  blepharitis  marginalis,  acute 
exanthematous  fevers,  etc. 

Patholog-y. — There  is  little  change  in  the  tissues  ;  the  blood-vessels  are 
enlarged  and  overfull,  and  there  is  a  scanty  small  cell-infiltration  and  increase 
in  nuclei. 

Symptoms. — Tiie  lids  feel  heavy  and  hot ;  movements  of  the  eye  are 
painful  ;  there  are  increased  lachrymation  and  slight  photophobia.  Attempts 
to  use  the  eyes  by  artificial  light  are  accompanied  by  distress. 

Diagnosis  and  Prognosis. — Redness  of  the  conjunctiva  without  discharge 
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other  than  increased  lachrymation,  and  without  other  appreciable  change  in 
the  conjunctiva,  suffices  to  establisli  a  diagnosis.  The  prognosis  is  favorable, 
provided  the  cause  can  be  removed. 

Treatment. — This  should  include  the  prevention  of  the  entrance  of  for- 
eign substances  into  the  eye,  and  the  correction  of  habits  and  systemic  con- 
ditions that  contribute  to  the  continuation  of  the  hyperemia.  '  Errors  of 
refraction  and  muscular  defects  should  be  corrected.  Bathing  the  conjunc- 
tiva with  a  solution  of  boric  acid,  2  or  3  per  cent.,  three  or  four  times  a  day, 
usually  suffices  for  the  local  treatment.    Strong  astringents  arc  not  advisable. 

Conjunctivitis  (Ophtha/niia). — This  term  embraces  a  number  of  diseases 
of  the  conjunctiva  characterized  by  increased  altered  secretion  from  the  sur- 
face of  the  conjunctiva,  pronounced  distressing  symptoms,  and  transient  or 
permanent  pathological  changes  in  the  membrane. 

Simple  Conjunctivitis  (Cafdrrhal  ()j)Jifha/mia).— There  is  a  relatively 
large  number  of  forms  of  conjunctivitis  which  are  mild  in  character  and  tend 
to  spontaneous  recovery,  without  serious  complications,  which  may  be  placed 
in  this  class.  They  are  characterized  by  slight  swelling  of  the  lids  and  con- 
junctiva and  the  presence  of  a  muco-purulent  secretion.  The  specific  disease 
known  as  acute  contagious  conjunctivitis,  usually  considered  under  this  head, 
will  be  described  separately. 

Etiology. — («)  Mechanical  or  traumatic  varieties  are  caused  by  the  pres- 
ence of  dust  or  other  irritating  substances,  as  certain  kinds  of  pollen,  fish- 
scales,  foreign  bodies  of  any  description,  insects  and  parts  of  insects. 

(6)  Associate  varieties  accompany  the  eruptive  fevers  (measles,  scarlet 
fever,  small-pox),  influenza,  acute  coryza,  facial  erysipelas,  eczema,  and  bleph- 
aritis marginalis.  The  pneumococcus  of  Frankel(Fig.  IV.,  Plate  2)  has  been 
described  by  Morax,  Parinaud,  and  others  as  an  infrequent,  and  by  Gilford ' 
as  a  frequent,  cause  of  simple  conjunctivitis.^ 

Symptoms. — The  development  of  muco-purulent  secretion  is  preceded 
by  burning  sensations,  increased  lachrymation,  hyperemia,  and  slight  swell- 
ing of  the  palpebral  conjunctiva  and  transition  fold.  More  or  less  marked 
swelling  of  the  lids  occurs,  movements  of  the  lids  are  painful,  and  photo- 
phobia with  inability  to  use  the  eyes  develops.  Frequently  one  eye  alone 
is  affected,  particularly  in  those  cases  having  a  mechanical  origin. 

Diagnosis  and  Prognosis. — Often  the  history  of  the  case  is  all-sufficient. 
Examination  of  the  conjunctival  .sac  may  disclose  the  presence  of  an  irritating 
substance  in  addition  to  the  muco-purulent  secretion.  In  doubtful  cases  a 
microscopical  examination  of  the  .secretion  will  serve  to  decide  its  character. 
The  prognosis  as  to  duration  is  favorable  in  all  cases  where  the  cause  can  be 
discovered  and  removed.    No  serious  impairment  of  vision  occurs. 

Treatment. — The  causes  that  produce  the  disease  should  be  sought  for 
and  removed,  when  rapid  recovery  even  without  local  medication  often  will 
take  place.  However,  a  cleansing  wash,  as  a  solution  of  boric  acid,  or  of 
sublimate  1  :  15,000,  may  be  u.sed  every  two  or  three'  hours  to  advantage. 

^  Archives  of  Ophthalmolor/y,  vol.  xxv.,  1896,  p.  314. 

^  The  affections  of  the  conjunctiva  which  are  due  to  a  known  specific  micro-organism  are: 
Acute  conjunctivitis  described  by  Morax— pneumococcus ;  acute  contagious  conjunctivitis — 
small  bacillus,  fir.st  seen  by  Koch  in  18S3,  and  cultivated  and  ]iroved  to  be  the  specific  micro- 
organism by  Weeks  in  1886,  without  knowledge  of  Koch's  ob.«ervation  ;  gonorrheal  conjunc- 
tivitis— diplococcus  of  Neisser:  diphtiieritic  conjunctivitis — Klebs-Loffler  bacillus;  tubercular 
conjimctivitis— tubercle  bacillus  of  Koch  ;  and  leprosy  of  tlie  conjunctiva—leprosy  bacillus. 

There  are  a  number  of  affections  of  the  conjunctiva  in  which  a  specific  micro-organism 
probablv  exists,  but  which  has  not  yet  been  ])ositivcly  identified;  of  these  may  be  mentioned 
phlyctenular  conjunctivitis,  trachoma,  membranous  conjunctivitis,  and  xerosis  epithelialis. 
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After  the  acute  stage  is  passed  an  astringent  stimulating  collyrium  of  zinc 
sulphate,  alum,  or  nitrate  of  silver,  in  the  strength  of  one  grain  to  the  ounce, 
mav  be  instilled  once  daily  until  all  secretion  has  disappeared. 

Acute  Contagious  Conjunctivitis  {Acute  or  Epidemic  Catarrhal 
Conjiinctivitis  ;  Muco-puralent  Conjunctivitis;  "Fink  %c  (vulgarly) ). — 
This  is  an  acute,  highly  contagious,  muco-purulent  inflammation  of  the  con- 
junctiva, accompanied  *  by  some  swelling  of  tiie  lids.  A  period  of  incuba- 
tion precedes  the  acute  stage ;  both  eyes  are  usually  affected.  ^  No  age  is  ex- 
empt, except  perhaps  the  first  ten  days  of  life.  The  affection  is  met  with 
most  frequently  in  the  spring  and  fall  months,  often  becoming  epidemic. 
So  far  as  is  known  it  is  prevalent  throughout  almost  if  not  quite  the  entire 
world. 

Etiology. — This  disease  is  due  to  the  presence  of  a  specific  micro- 
organism, a  bacillus,  in  the  conjunctival  sac.  A  careful  study  of  this  micro- 
organism was  first  made  by  the  writer  ^  in  1886,  and  his  work  has  since  been 
confirmed  by  Kartulis,^  Morax,^  and  others.  The  bacillus  resembles  that  of 
mouse-septicemia,  measuring  0.25  micro-millimeters  in  thickness  (Figs.  II. 
and  III.,  Plate  2). 

Pathology  and  Pathological  Anatomy. — The  posterior  and  anterior 
systems  of  blood-vessels  are  congested,  and  there  is  apparently  an  increase  in 
the  number  of  capillaries  and  arterioles.  The  conjunctiva  at  the  transition 
folds  becomes  thickened  through  the  medium  of  tlie  enlarged  vessels,  slight 
serous  effusion,  and  the  presence  of  leukocytes  in  moderate  number  in  the 
conjunctival  tissue.  Small  transfusions  of  blood  occur  in  the  ocular  con- 
junctiva from  the  smaller  vessels  of  the  anterior  vascular  system. 

Microscopical  examination  of  the  conjunctiva  at  the  fornix  discovers  a 
slight  infiltration  of  leukocytes  at  the  base  of  the  epithelial  layer  and  between 
the  epithelial  cells,  a  moderate  edematous  condition  of  the  tissue,  and  the 
presence  of  a  few  bacilli  disposed  in  small  groups  in  the  epithelial  and  very 
superficial  conjunctival  layers.  The  secretion  contains  many  bacilli,  free  and 
aggregated,  on  or  in  the  leukocytes. 

Symptoms. — About  thirty-six  hours  after  the  inception  of  the  con- 
tagiura  the  patient  experiences  a  mild  burning  sensation  in  the  lids,  which 
are  stuck  together  on  waking  in  the  morning ;  lachrymation  is  slightly 
increased.  On  the  morning  of  the  third  day  the  lids  are  glued  together  with 
a  thick  layer  of  muco-pus.  They  are  swollen,  sometimes  intensely  so,  and 
the  patient  suffers  from  a  sensation  as  of  a  foreign  body  in  the  eye.  Some 
photophobia  is  experienced.  Use  of  the  eyes  is  accomjmnied  by  pain  ;  vision 
is  blurred  by  the  presence  of  the  secretion.  The  palpebral  conjunctiva  is 
deeply  injected,  the  transition  fold  thickened,  and  the  ocular  conjunctiva 
presents  a  bright-red  appearace,  a  peculiarity  whi(;h  has  given  the  disease  the 
popular  name  of  "pink  eye."  At  the  end  of  the  third  day  the  affection  is 
usually  at  its  height. 

In  the  greater  number  of  cases  the  swelling  of  the  lids  does  not  become 
intense,  but  in  a  few  this  symptom  is  ])ronounced,  and  when  accompanied  by 
pseudo-membrane  the  disease  may  be  mistaken  for  diphtheria. 

The  secretion  seldom  loses  its  ropy  character,  due  to  the  presence  of 
mucin,  but  in  some  cases  it  becomes  quite  purulent,  resembling  the  discharo-e 
of  gonorrheal  conjunctivitis.  There  is  seldom  any  chemosis,  although  the 
ocular  conjunctiva  is  intensely  injected.    Close  inspection  will  disclose  the 

'  Archives  of  Ophthalmology,  vol.  xv.  No.  4,  1886;  N.  Y.  Med.  Rec,  Mav  21  1887 

Centmlbl.f.  Bakt.u.  Parasitenk.,lSS7,  pr2S9.  "  ' 

^  Recherches  bacteriologiques  sur  VEtiologie  des  Conjunclivites  aigtws.  etc.,  Paris,  1894. 


Plate  2. 


Fig.  1. — Discharge  from  rifiht  eye  ill  a  case  of  ])ui  uloiit  coiijuiictivitis ;  j^ouococci  luniierous 
iu  cells  (Stepiieiisoii ). 

Fig.  11. — Bacillus  of  Weeks  in  pure  culture  (from  a  pholofjraph). 

Fig.  III. — (Conjunctival  .secretion  from  acute  contagious  conjunctivitis;  polynuclear  leuko- 
cytes with  the  liiicillus  of  Weeks;  /*,  phagocyti;  containing  ha<'ilhis  of  Weiks;  iinmcrs.  j'^.  oc.  iii. 
(Morax). 

Fig.  IV. — Secretion  from  a  case  of  conjunctivitis,  showing  pneumococci  ;  imniers.  5^2-  "<"■ 
iii.  (Morax). 
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presence  of  many  snuiU  transfnsions  of  blood  in  the  ocular  conjunctiva  :  this 
is  such  a  common  symptom  that  Nettlesliip  has  given  the  atfection  the  name 
of  "  hemorrhagic  eatarrhal  conjmictivitis.^' 

The  acute  stage,  which  is  often  accompanied  by  slight  rise  of  temperature 
and  frontal  headache,  lasts  from  four  to  ten  days.  The  discharge  gradually 
diminishes  in  quantity,  becomes  thicker,  and  collects  in  little  yellow  masses 
at  the  inner  canthi.  The  swelling  of  the  lids  and  conjunctiva  and  the  pain- 
ful symptoms  gradually  subside,  and  recovery  usually  occurs  in  from  two  to 
three  weeks.  In  the  subacute  stage  the  conjunctiva  at  the  transition  folds 
presents  a  swollen,  succulent  condition,  with  enlargement  of  the  papillary 
body  and  some  follicular  hypertrophy. 

Diag-nosis  and  Prognosis. — A  history  of  the  presence  of  the  affection  in 
all  or  a  number  of  the  members  of  a  family,  or  of  its  epidemic  character  in 
institutions,  will  aid  much  in  establishing  a  diagnosis.  The  very  yellow 
mass  of  secretion  at  the  inner  canthus  is  quite  characteristic.  Acute  con- 
tagious conjunctivitis  may  be  mistaken  foi-  purulent  conjunctivitis,  and,  Avhen 
a  pseudo-membrane  forms,  as  it  does  in  about  4  per  cent,  of  the  cases,  for 
diphtheritic  conjunctivitis.  The  microscope  may  be  depended  on  to  make 
the  diagnosis  clear  in  doubtful  cases. 

In  the  greater  number  of  cases  recovery  ensues  without  leaving  a  trace 
of  the  disease  ;  relapses  and  recurrences  are  frequently  observed.  One  attack 
does  not  ensure  immunity.  Phlyctenulse  may  develop  in  the  later  stages  or 
trachoma  may  follow,  but  these  conditions  must  be  regarded  as  secondary 
diseases  grafted  on  the  primary  disease  by  added  infection.  The  cornea  is 
rarely  affected.  In  adults  the  attack  is  more  severe  than  in  children.  The 
disease  is  contagious  as  long  as  secretion  is  present. 

Treatment. — As  the  disease  is  very  contagious,  isolation  should  be 
resorted  to  if  possible.  Bathing  appliances  should  be  separate.  In  all  cases 
where  large  numbers  of  individuals  are  aggregated  quarantine  should  be 
rigidly  enforced,  and  persevered  in  until  all  traces  of  secretion  have  disap- 
peared, and  even  for  a  few  days  after  that  period. 

For  the  first  three  to  five  days  of  the  acute  stage  cold  applications  are 
indicated.  These  may  be  applied  as  follows  :  Thin  pads  of  absorbent  cotton, 
11  inches  in  diameter,  or  pieces  of  linen,  1^  inches  square  and  two  or  three 
layers  in  thickness,  to  the  number  of  ten  or  twelve,  should  be  placed  on  a 
cake  of  ice  over  which  a  thin  napkin  is  spread,  and  a  pad  transferred  to  and 
from  the  eye  sufficiently  often  to  keep  the  lids  cool — every  two  minutes. 
In  severe  cases  the  cold  applications  should  be  continuous ;  in  mild  cases  it 
will  suffice  to  keep  up  the  applications  through  the  daytime. 

While  this  is  being  done  the  eye  should  be  cleansed  every  half  hour  if 
the  secretion  is  profuse,  less  often  if  the  secretion  is  scanty,  with  some  bland 
antiseptic  solution.  Boric  acid,  2  or  3  ])er  cent.,  or  the  bichlorid  of  mer- 
cury, 1  : 15,000,  may  be  employed.  When  the  acute  stage  is  subsiding  the 
cold  applications  should  be  discontinued,  the  bathing  continued,  and  in  addi- 
tion a  more  energetic  germicidal  astringent  may  be  employed.  Nitrate  of 
silver,  in  the  solution  of  0.5  to  1  per  cent.,  is  excellently  adapted  for  this 
purpose.  The  application  may  be  made  once  in  twenty-four  hours,  and  may 
be  continued  with  less  frequency  until  the  secretion  ceases.  Other  topical 
applications  are — alum  (gr.  l-fSj),  acetate  of  lead  (gr.  l-f5j),  sulphate  of 
zinc  (gr.  l-f.5j),  peroxid  of  hydrogen,  formalin  (Schering's  solution — 1  : 200 
to  1  :  500). 

Bandaging  the  eyes  and  the  application  of  poultices  of  tea-leaves,  oysters, 
scraped  potatoes,  bread  and  milk,  and  other  domestic  concoctions  should  be 
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avoided.  Tliese  only  serve  to  retard  recovery,  and  in  many  cases  increase 
the  inflammation. 

Purulent  Conjunctivitis  {Acute  Blennorrhea  of  the  Conjmictiva). — The 
term  purulent  conjunctivitis  properly  applies  to  all  forms  of  conjunctivitis 
in  which  the  discliarge  is  more  or  less  copious  and  comparatively  free  from 
mucin.  This  condition  obtains  in  certain  cases  of  acute  contagious  conjunc- 
tivitis, in  some  cases  of  traumatic  conjunctivitis,  in  the  forms  induced  by  the 
application  of  a  poultice  of  tea-leaves  in  simple  conjunctivitis  (tea-leaf  con- 
junct ivit  is),  and  in  the  later  stages  of  diphtheritic  conjunctivitis.  As  com- 
monly employed,  it  refers  to  the  conjunctivitis  induced  by  the  presence  of  the 
gonoGoccus  of  Neisser,  and  is  usually  considered  under  the  terms  gonorrheal 
conjunctivifis:  and  co)ijuncfirifis  }ieonatorum. 

Gonorrheal  Conjunctivitis. — This  disease  occurs  in  men  much  more 
frequently  than  in  women.  It  is  characterized  by  marked  swelling  of  the 
lids  and  copious  discharge  of  purulent  secretion  from  the  conjunctiva. 

Etiology. — The  gonococcus  of  Neisser  (see  Fig.  I.,  Plate  2)  in  secretion 
from  a  diseased  mucous  membrane  is  brought  in  contact  with  the  conjunc- 
tiva. Probably  the  most  frecjuent  manner  of  its  conveyance  is  by  means  of 
the  finger  from  a  urethral  or  vaginal  gt)norrhea.  The  use  of  a  common 
washing-bowl,  towels,  etc.  may  serve  to  communicate  the  disease.  It  is  not 
probable  that  the  contagium  can  be  carried  through  the  air.  The  discharge 
in  gleet,  as  well  as  in  pronounced  gonorrhea,  may  serve  to  set  up  the  aiFec- 
tion,  but  it  is  supposed  to  be  less  severe  when  arising  from  gleet. 

Pathology  and  Pathological  Anatomy. — Engorgement  of  the  vessels 
of  the  palpebral  and  ocular  conjunctiva  rapidly  develops.  An  infiltration 
of  leukocytes  into  the  superficial  layers  of  the  entire  conjunctiva  and  edema 
induced  by  a  serous  and  in  some  cases  a  fibrinous  exudation  occur  early.  The 
conjunctival  epithelial  layer  is  swollen  and  uneven.  The  pathogenic  micro- 
organism grouped  in  or  on  the  leukocytes  in  the  characteristic  manner  is  seen 


Fir,.  187.— Gonococci  in  the  tissues  of  the  conjunctiva  (Bumm).  on  the  cells  (Bumm). 


in  the  superficial  layers  of  the  conjunctiva  (Fig.  187).  The  secretion  con- 
tains the  gonococci,  which  are  found  free  and  on  the  pus-cells  (Fig.  188). 

Symptoms. — The  stage  of  incubation,  which  lasts  from  twelve  to  forty- 
eight  hours,  is  succeeded  by  the  acute  stage.  The  lids  swell  rapidly,  and 
sometimes  enormously,  taking  on  a  dark-red  hue.  The  vessels  of  the  con- 
junctiva become  deeply  congested,  the  conjunctiva  red  and  swollen.  There 
are  a  gritty  sensation  and  smarting  and  burning  of  the  lids.  The  increased 
weight  of  the  lids  produces  a  continuous  dull  pain  in  the  eyes.  The  acfate 
stage  reaches  its  height  in  two  or  three  days,  at  which  time  the  swelling 
of  the  lids  in  typical  cases  is  intense.  The  upper  overlap  the  lower  lids ; 
from  beneath  the  margins  of  the  upper  lids  the  secretion,  which  at  first  is 
watery  and  flaked  with  pus,  and  later  becomes  thick  and  creamy,  oozes  out 
on  to  and  flows  down  the  cheek.  At  times  the  secretion  is  retained  in  the 
conjunctival  sac,  producing  much  pain  by  pressure  on  the  globe. 
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The  conjunctivu  of  the  tarsus  and  transition  fold  becomes  much  tliickened 
and  presents  a  deep-red,  velvety  appearance.  The  ocular  conjunctiva  becomes 
very  edematous,  marked  chemosis  develops,  and  extravasations  of  blood  are 
observed  in  this  part  of  the  conjunctiva.  The  chcmotic  tissue  may  overlap 
the  cornea,  g-iving-  lodgement  to  secretion  in  the  sulcus  thus  formed,  which  is 
difficult  to  remove,  and  which  serves  to  macerate  and  destroy  the  corneal  epi- 
thelium, establishing  an  ulcer  of  the  cornea.  The  cheniotic  tissue  may  pro- 
trude between  the  lids. 

The  acute  stage  continues  from  four  days  to  two  weeks,  and  gradually 
merges  into  the  subacute  stac/e.  The  thickening  of  the  lids  is  now  much  less  ; 
they  are  pale,  soft,  and  flabby.  The  conjunctiva  })resents  a  velvety  appear- 
ance, and  is  still  much  hypcrtrophied ;  the  chemosis  is  less  marked  and  the 
secretion  less  profuse. 

What  might  be  termed  the  atonic  dagc  succeeds  the  subacute  stage.  The 
swelling  of  the  lids  has  subsided,  but  the  conjunctiva  of  the  tarsus  and  tran- 
sition folds  is  left  rough,  rugose,  and  presents  many  papilliform  elevations. 
The  secretion  is  thinner  and  not  so  profuse.  Use  of  the  eye  is  difficult.  This 
stage  may  drift  into  a  cJiroiiic  condition  if  not  treated  properly,  in  which  cor- 
neal ulcer,  trichiasis,  entropion,  etc.  may  develop. 

Of  the  complications  that  develop,  corneal  involvement  is  most  dreaded. 
Total  destruction  of  the  cornea  may  occur  early  from  interference  with  the 
nutrition  of  that  membrane ;  the  cornea  loses  its  luster,  becomes  gray,  and 
disappears.  Loss  of  the  crystalline  lens  and  panophthalmitis  may  follow. 
Involvement  of  the  cornea  is  most  frequent  in  the  second  week  of  the 
disease,  the  ulcer  commencing  at  the  margin  of  the  cornea  as  a  grayish, 
uneven  defect  wdiich  increases  in  depth  and  area.  Pseudo-membrane  occurs 
in  a  small  percentage  of  the  cases.  It  appears  on  the  palpebral  conjunctiva 
as  a  result  of  the  deposition  of  fibrin  on  a  surface  from  which  the  superficial 
epithelial  cells  have  been  lost.  Gonorrheal  rheumatism  is  an  infrequent  con- 
sequence of  gonorrheal  conjunctivitis. 

Diagnosis. — Gonorrheal  conjunctivitis  presents  many  degrees  of  severity. 
It  may  be  so  mild  that  it  readily  passes  for  simple  conjunctivitis  ;  or  so  severe 
that  diphtheria  is  suspected.  The  history  of  the  case  will  assist  in  making  a 
diagnosis,  and  microscopical  examination  will  absolutely  establish  it.  The 
conjunctivitis  occurring  in  young  girls  with  leukorrhea,  which  is  observed 
from  time  to  time,  is  often  gonorrheal,  but,  according  to  some  authors,  may 
have  other  causes. 

Prog-nosis. — In  spite  of  all  treatment,  a  large  percentage  of  cases  result 
in  impairment  of  vision,  to  a  greater  or  less  degree,  from  corneal  complica- 
tions. If  an  ulcer  a])]^ears  at  the  margin  of  the  cornea,  nnd  the  cornea  at 
this  point  becomes  vascular,  recovery  without  pcn'foration  may  be  looked  for. 
Partial  ulceration  of  the  cornea,  witli  or  without  [)erforation,  may  be  followed 
by  partial  staphyloma  after  the  ulcer  has  healed.  Adherent  leukoma  follows 
perforating  ulcer  of  the  cornea,  and  in  rare  cases  the  lens  may  become  adherent 
to  the  scar.    Panophthalmitis,  as  already  stated,  may  be  the  result. 

Treatment. — Prophylaxis  as  regards  other  individuals  and  in  regard  to 
the  fellow-eve  must  be  first  considered.  The  disease,  through  the  secretion, 
is  extremely  contagious ;  hence  immediate  isolation  sliould  be  secured,  and 
should  be  ])ersisted  in  until  all  secretion  has  disaj)pcared.  All  dressings  and 
appliances  with  which  the  secretion  comes  in  contact  should  be  destroyed  or 
thoroughly  sterilized.  To  protect  the  fellow-eye  a  Buller's  shield,  which  con- 
sists of  a  watch-crystal  held  over  the  eye  by  means  of  strips  of  rubber  plas- 
ter, should  be  applied. 
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Local  Treatment. —  In  tlie  acute  stage  cold  applications  should  be  em- 
ployed day  and  night,  after  the  method  described  on  page  277,  and  the  con- 
junctiva freed  from  secretion  as  often  as  is  necessary — every  thirty  to  sixty 
minutes,  with  a  bland  ase]>tic  solution — boric  acid  3  per  cent,  or  bichlorid  of 
mercury  (1  :  15,000).  For  the  carrying  out  of  this  treatment  two  nurses,  a 
day  and  a  night  nurse,  are  required.  If  the  lids  become  sore  and  erosion  of 
the  epithelium  is  threatened,  some  borated  vaselin  may  be  applied  after  each 
batiiing. 

There  are  many  ways  of  cleansing  the  eye.  The  lids  may  be  held 
gently  apart  and  the  warm  solution  be  permitted  to  run  into  the  conjunc- 
tival sac  from  a  piece  of  absorbent  cotton.  A  pipette  may  be  used  to  force  a 
stream  beneath  the  lids  after  they  have  been  gently  opened.  A  speculum 
with  perforated  blades  has  been  devised  (Andrews)  for  cleansing  the  con- 
junctival sacs,  and  a  lid-retractor  which  permits  the  solution  to  flow  through 
the  handle  and  into  the  blade,  escaping  at  openings  at  the  margin  of  the 
blade,  has  been  made  for  the  same  purpose.  Except  in  very  skilful  hands 
the  instruments  devised  for  cleansing  the  eyes  are  dangerous,  as  they  are  apt 
to  injure  the  cornea  and  induce  corneal  ulceration. 

Applications  of  cold,  which  are  generally  made  inadequately,  may  be 
made  too  assiduously  and  the  vitality  of  the  cornea  threatened.  When  too 
much  cold  is  applied  the  cornea  takes  on  a  steamy  a])])earance  and  breaks 
down  more  easilv.  If  corneal  luster  fails  without  evidence  of  loss  of  sub- 
stance,  the  applications  of  cold  should  be  intermittent. 

Hot  applications  in  the  acute  stage  are  contraindicated  ;  they  serve  to 
increase  exudation  and  the  growth  of  the  gonococcus.  In  the  subacute  and 
atonic  stages  they  may  be  resorted  to  ^vith  benefit. 

As  soon  as  the  discharge  takes  on  a  purulent  character  and  the  lids  are 
less  rigid,  local  applications  to  the  conjunctiva  may  be  made.  For  this  ])ur- 
pose  a  solution  of  the  nitrate  of  silver,  1  or  2  per  cent.,  is  probably  the  best. 
The  lids  are  carefully  everted,  the  secretion  removed,  and,  by  means  of  a 
piece  of  absorbent  cotton  wound  around  the  end  of  a  small  applicator  the 
solution  is  applied  to  the  entire  surface  of  the  conjunctiva.  This  should  be 
followed  by  applications  of  cold  for  one  or  two  hours.  The  treatment  out- 
lined above  will  suffice  to  effect  a  cure  in  the  greater  number  of  cases. 

Finely  pulverized  iodoform  is  sometimes  employed  by  dusting  it  into  the 
conjimctival  surface  two  or  three  times  daily.  Peroxid  of  hydrogen  has  been 
advocated  by  Landolt ;  it  is  of  value  as  a  cleansing  and  germicidal  agent. 
Sublimate  solution,  1  :  500,  has  been  employed  recently  by  ap])lying  it  to  the 
conjunctiva  sufficiently  often  to  hold  the  secretion  in  check.  Aqua  chlorini, 
formalin  (1  :3000),  permanganate  of  potassium  in  copious  irrigations  (1  :  500 
or  1  : 1000),  are  used  to  irrigate  the  eye.  Dr.  Wilson  of  Bridgeport  advocates 
filling  the  conjunctival  sac  with  a  boric-acid  ointment  (boric  acid  gr.  xlviij, 
vaselin  .^j)  every  one  to  two  hours  after  cleansing,  continuing  this  treatment 
until  the  acute  stage  has  passed  :  he  claims  excellent  results.  In  some  severe 
cases  Noyes  has  resorted  to  scarifying  the  conjunctiva  and  brushing  in  a  solu- 
tion of  corrosive  sublimate,  1  :  500,  repeating  the  operation  in  two  or  three 
days  if  the  discharge  returns. 

If  corneal  ulcer  develo})s,  atropin  (gr.  ij  to  5j)  should  be  instilled  two  or 
three  times  daily.  Ehrenthaler  ^  recommends  eserin  (gr.  ij  to  .^j)  in  those 
cases  of  corneal  ulcer  where  congestion  of  the  iris  is  not  present,  alternatincr 
with  atropin  in  other  cases  unless  perforation  is  imminent.  He  avers  that 
the  circulation  is  improved  and  recovery  more  certain. 

'  Miinch.  med.  Wochenschrift,  No.  38,  1892. 
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When  the  lids  are  greatly  swollen  and  tense  a  free  canthofomy  may  be 
•done.  This  relieves  the  pressure  on  the  cornea,  unloads  the  blood-vessels, 
and  prevents  spasmodic  contraction  of  the  orbicularis  palp(>brarnm  muscle. 
In  the  last  stage  hot-water  bathing,  the  sul})hate  of  copper  or  alum-crystal, 
and  tannin  may  be  employed. 

Si/skmic  Treatment. — The  bowels  should  be  kept  free  by  use  of  calomel 
and  a  saline.  Rich  food  and  alcoholic  beverages  should  be  forbidden.  Opium 
may  be  administered  if  there  is  much  pain. 

Conjunctivitis  Neonatorum  {Ophthalmia  Neonatorum). — This  is  a 
purulent  aifection  of  the  conjunctiva,  accompanied  l)y  great  swelling  of  the 
lids  and  thick  purulent  secretion,  occurring  within  a  few  days  after  the  birth 
of  the  child. 

Etiolog-y. — That  form  of  the  affection  which  develops  within  three  days 
after  the  birth  of  the  child  is  undoubtedly  produced  by  gonorrheal  infection 
from  the  vaginal  secretions  of  the  mother  at  the  time  of  birth.  In  cases  that 
have  developed  ten  days  to  three  weeks  after  birth  other  causes  are  found  : 
the  small  bacillus  of  acute  contagious  conjunctivitis,  the  pnevuno-bacillus,  and 
the  Klebs-Lotfler  bacillus  have  been  observed.  The  use  of  soiled  towels  or 
napkins  about  the  infant  or  the  unclean  hands  of  mother  or  attendant  may 
serve  as  a  uieans  of  carrying  infectious  material  to  the  infant's  eye.  Ex- 
ceptionally, inoculation  in  utero  may  occur  {ante-paiium  conjunctivitis). 

Pathology. — The  pathology  of  ophthalmia  neonatorum  resembles  that  of 
purulent  conjunctivitis  in  the  adult,  so  far  as  the  tissue-changes  are  concerned. 

Symptoms. — Slight  puflRness  of  the  lids  and  a  tendency  to  stick  together 
will  be  noticed  twenty-foin-  or  thirty-six  hours  after  birth,  and  on  inspec- 


Fig  189 —Conjunctivitis  neonatorum  (from  a  patient  in  tlie  Philadclpliia  Hospital  under  the  care  of 

Dr.  de  Sfliweinitz)- 

tion  the  palpebral  conjunctiva  will  be  found  to  be  congested.  As  a  rule, 
the  chano-e  in  the  lids  aud  the  ])resence  of  secretion  are  not  sufficient  to  at- 
tract attention  until  the  third  day,  when  the  secretion  has  become  distinctly 
purulent  and  the  lids  somewhat  swollen.  At  the  end  of  the  fourth  or  fifth 
<lay  the  lids  are  greatly  thickened  and  of  a  dusky-red  color ;  the  secretion  is 
purulent  and  quite  copious.  It  either  flows  out  on  to  the  cheek  or  is  retained 
in  greater  part  by  the  lids  and  bursts  forth  on  attempts  to  separate  the  lids. 
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Tlie  swelliiio;  of  the  conjunctiva  is  so  intense  in  some  cases  that  ectroj)ion 
of  the  upper  lid  is  proihiced.  C'iicniosis  is  not  so  marked  as  in  purulent  con- 
junctivitis occurring-  in  adults,  and  involvement  of  the  cornea  occurs  in  a 
smaller  proportion  of  cases.  What  has  been  stated  in  regard  to  the  symptoms 
in  gonorrheal  conjunctivitis  of  the  adult,  excej)t  as  indicated  above,  ap])lics  to 
conjunctivitis  neonatoriun. 

Diag-nosis. — The  history  of  the  case  and  the  age  of  the  child  will  suffice 
to  establish  a  diagnosis. 

Prog-nosis. — If  not  properly  treated  the  prognosis  is  grave,  but  not  to 
such  a  degree  as  in  the  adult.  Properly  treated,  the  prognosis  is  good. 
Careful  observation  of  many  cases  has  taught  the  writer  that  if  the  patient  is 
seen  wJ^Uc  the  cornea  i.s  sfii/  clear  imjxiirment  of  vision  need  not  occur,  except 
in  the  cases  in  which  the  affection  is  very  severe  and  the  patient's  vitality 
much  impaired.  Since  the  retention  of  vision  depends  so  much  on  careful 
and  proj)er  treatment,  it  is  of  the  greatest  importance  that  the  infant  should 
be  seen  by  a  conijieteut  pliysician  as  early  as  possible.  Neglected  cases  have 
contributed  20  per  cent,  to  the  number  of  the  blind. 

Prophylaxis. — The  great  work  done  by  Crede  in  Leipzig  in  reducing  the 
number  of  cases  of  conjunctivitis  neonatorum  from  10.8  to  0.2  per  cent,  in 
the  infants  born  at  the  Lying-in  Asylum  under  his  charge  shows  wdiat  may 
be  accomplished  by  projihylaxis.  Crede's  method  was  to  drop  two  drops  of 
a  2  per  cent,  solution  of  nitrate  of  silver  into  the  conjunctival  sac  of  the 
infant's  eyes  very  shortly  after  its  birth,  having  first  wiped  the  lids  clean. 
The  reaction  is  quite  severe  in  some  cases. 

It  has  been  found  that  equally  good  results  may  be  obtained  with  a  1 
per  cent,  solution  of  nitrate  of  silver,  also  with  a  solution  of  bichlorid  of 
mercjuy  (1  :  4000)  dropped  into  the  eye  in  the  same  manner.  Normal  saline 
solution,  used  a  little  more  freely,  is  excellent,  but  not  quite  as  efficacious 
as  either  the  silver  or  sublimate  solution.  Aqua  chlorini  and  carbolic  acid 
(1  :  100)  have  been  advocated. 

Those  in  charge  of  a  case  of  conjunctivitis  neonatorum  should  be  cau- 
tioned regarding  its  contagious  nature,  and  should  be  instructed  to  destroy  or 
to  disinfect  all  a])pliances  that  come  in  contact  with  the  secretion.  The  in- 
fant should  be  removed  from  the  presence  of  all  persons  except  those  in  im- 
mediate attendance.  A  protective  shield  for  the  unaffected  eye  is  not  easily 
made  efficient ;  more  reliance  may  be  placed  in  the  ability  of  the  nurse  to  keep 
the  fellow-eye  disinfected.   Almost  always,  however,  the  affection  is  bilateral. 

Treatment. — If  the  lids  are  at  all  swollen,  cold  applications,  made  as 
described  on  page  277,  and  continued  until  the  swelling  of  the  lids  partly 
subsides,  are  valuable.  Three  hours  of  the  a]>])lications  and  one  hour  of 
intermission  is  an  excellent  way  of  applying  cold.  After  the  swelling  has 
markedly  diminished  applications  of  cold  for  one  hour,  three  times  daily,  may 
be  kept  up  until  little  swelling  remains. 

The  ])us  should  be  gently  removed  by  lavage  with  a  2  or  3  per  cent, 
solution  of  boric  acid  every  half  hour  or  every  hour,  as  long  as  the  secretion 
is  abundant.  After  the  first  two  or  three  days  applications  of  a  1  per  cent, 
solution  of  nitrate  of  silver  may  be  made  by  the  surgeon  to  the  palpebral 
conjunctiva,  either  employing  a  bit  of  absorbent  cotton  on  a  small  applicator 
or  a  camel's-hair  brush,  once  in  twenty-four  hours.  As  the  secretion  and 
swelling  diminish  the  silver  solution  may  be  weaker  and  may  bo  ap])lied  less 
frequently.  Should  the  integument  of  the  lids  lose  some  of  its  epithelium  or 
become  roughened,  some  borated  vaselin  may  be  applied  after  each  cleansino- 
of  the  eyes. 
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When  ulcer  of  the  cornea  occurs,  ati'()})in  in  weak  sohition  (gr.  ij  to  5)) 
should  be  instilled  twice  daily  if  the  ulcer  is  central  ;  if  marginal,  eserin 
(gr.  j  to  5j)  may  be  alternated  with  the  atropin.  The  treatment  may  be 
varied  as  indicated  when  considering  the  treatment  of  gonorrheal  conjunctivitis 
of  adults  (page  280). 

Croupous  Conjunctivitis  [Mcmhnuious  Conjunctivif is).— There  is  a 
class  of  cases  characterized  by  a  slight  swelling  of  tlie  lids,  by  a  flaky  serous 
discharge,  and  by  the  deposit  of  a  fibrinous  pseudo-membrane  on  tlu;  surface 
of  the  palpebral  conjunctiva,  extending  in  some  cases  on  to  the  ocular  con- 
junctiva, which  from  a  bacteriological  or  clinical  standpoint  cannot  be 
included  with  any  other  form  of  conjunctivitis.  Gracfe  ^  terms  the  disease 
pseudo-membranous  or  croupous,  in  contradistinction  to  the  diphtheritic  form. 
The  cases  are  comparatively  rare. 

Etiolog-y. — No  exact  cause  is  known.  The  affection  is  regarded  as  a 
mild  diphtheria  by  some  authoi's. 

Pathology  and  Pathological  Anatomy. — The  conjun(!tiva  is  thickened, 
and  shows  on  section  the  presence  of  leukocytes  and  an  increase  in  nuclei. 
The  epithelial  layer  is  reduced  in  thickness ;  blood-vessels  are  numerous  and 
are  enlarged.  The  pseudo-membrane  consists  of  fibrin,  which  includes  in 
its  meshwork  ej)ithelial  cells  from  the  conjunctiva,  leukocytes,  red  blood- 
corpuscles,  and  various  forms  of  micro-organisms.  The  pseudo-membranes 
found  in  epidemic  conjunctivitis,  gonorrheal  conjunctivitis,  diphtheritic  con- 
junctivitis, and  those  that  cover  the  surface  of  the  conjunctiva  after  burns 
with  acids,  steam,  or  after  scarifying  the  conjunctiva,  differ  from  each  other 
microscopically  only  in  their  bacterial  contents  and  the  products  of  the  bac- 
terial growth.  Thus  membranous  conjunctivitis  has  been  ascribed  to  staphylo- 
cocci, streptococci,  Ldflfler-bacilli,  and  diplococci.^ 

Symptoms. — The  symptoms  are  not  severe.  The  patient  complains  of 
obscuration  of  vision,  slight  itching,  and  some  burning  pain.  There  is  some 
photophobia.  The  lids  are  slightly  swollen  and  somewhat  hyperemic.  On 
everting  the  lids  a  grayish  pseudo-membrane  is  found.  It  can  be  separated 
from  the  conjunctiva  with  comparative  ease,  but  leaves  a  slightly  bleeding 
surface.  The  fibrin  filaments  do  not  appear  to  be  so  numerous  or  to  pene- 
trate so  far  into  the  conjunctiva  as  is  the  case  in  diphtheritic  conjunctivitis. 
Removal  is  followed  by  rapid  regeneration  of  the  membrane,  and  this  tend- 
ency may  continue  for  from  ten  days  to  many  months  or  even  longer. 

Diagnosis. — The  diagnosis  is  arrived  at  largely  by  exclusion.  The  sub- 
acute nature  of  the  disease,  the  absence  of  any  known  specific  micro-organism, 
and  the  persistence  of  the  affection  serve  to  establish  a  diagnosis. 

Prognosis. — The  prognosis  is  good  in  perha})s  50  per  cent,  of  the  cases. 
Although  the  disease  persists  for  a  long  time,  appropriate  treatment  w^ill  often 
produce  a  gradual  diminution  in  the  tendency  to  reproduce  the  membrane  and 
the  patient  will  recover.  The  cornea  remains  clear  for  a  long  time — ten  days 
or  perhaps  as  many  w'eeks.  It  may  finally  become  the  seat  of  ulcerative  pro- 
cesses and  be  partly  or  totally  destroyed. 

Treatment. — Unfortunately,  treatment  appears  to  be  of  little  avail  in 
some  cases  ;  in  others  a  tardy  response  is  secured.  It  appears  to  be  almost 
useless  to  remove  the  membrane.  Frequent  and  prolonged  bathing  with 
some  mild  antiseptic  solution,  as  carbolized  water,  corrosive  sublimate  (1  : 
10,000),  chlorin- water,  or  a  4  per  cent,  solution  of  boric  acid,  is  indicated. 

1  Archiv f.  OphtL,  1854,  1  Ahth.,  i.  168. 
For  an  article  on  "  Pathology  of  Chronic  Membranous  Conjunctivitis"  by  Lucien  Howe, 
consult  Trans.  Amer.  Ophlh.  Sue,  1897,  viii.  36-44. 
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Some  writer.s  believe  that  it  is  l)est  to  remove  tiie  membrane  and  to  treat  the 
stirtaee  with  tlie  mitigated  stiek  of  nitrate  of  silver :  but  this  measure  is  of 
doubtful  value.  A  solution  of  ehlorate  of  potassium  has  been  suggested,  as 
have  also  apj)lieations  of  iodoform  and  quinin. 

Diphtheritic  Conjunctivitis  [Meinbranom  Conjimdivitis). — This  is  a 
severe,  a(!Ute  atl'ection  of  the  eoiijunctiva,  characterized  by  intense  swelling 
of  the  lids,  Avhieh  become  thick,  hard,  and  smooth,  and  by  tiie  presence  of  a 
j)seudo-membrane  on  the  surface  of  the  ocular  and  palpebral  conjunctivae. 
It  attacks  individuals  of  all  ages  except  the  new-born  (von  Graefe),  but  is 
most  frequent  in  children.    Both  eyes  are  generally  involved. 

Etiolog-y. — The  direct  cause  is  without  doubt  a  specific  micro-organism 
known  as  the  (Jipldlieritic  or  Klcb.s-Ldfffcr-bacillus  (Fig.  190),  which  develops 
on  the  conjunctiva  only  when  that  membrane  is  in  a  suitable  condition  to 
receive  it.  A  depreciation  of  the  resisting  powder  of  the  conjunctiva  to  the 
inroads  of  bacteria,  the  result  of  malnutrition  or  an  acute  illness,  as  scarlet  fever 
or  measles,  will  favor  an  attack.  The  affection  is  more  frequent  during  the 
climatic  changes  of  fall  and  spring  and  when  epidemics  of  diphtheria  of  the 
air-])assages  occur.  JNIany  cases  accomjjany  and  are  secondary  to  faucial  and 
nasal  diphtheria,  but  the  disease  may  occur  primarily  in  the  eye.  To  ])r()- 
duce  the  disease  direct  infection  of  the  conjunctiva  with  secretion  containing 
the  bacilli  is  necessary.  Von  Graefe^  states  that  simple  conjunctivitis  ren- 
ders the  conjunctiva  susceptible  to  the  diphtheritic  poison. 

Pathology  and  Pathological  Anatomy. — A  congestion  of  the  blood- 
vessels of  the  conjunctiva  and  lids  first  occurs,  which  is  soon  followed  by  the 

transudation  of  leukocvtes  and 
plastic  material  into  the  tissue  of 
the  lids  and  on  to  the  surface  of  the 
conjunctiva.  A  partial  destruction 
of  the  epithelial  layer  of  a  portion 
of  the  conjunctiva  is  probably 
necessary  before  the  plastic  exuda- 
tion can  find  its  way  to  the  surface 
of  the  conjunctiva.  The  circula- 
tion is  greatly  impeded  by  the 
presence  of  the  exudation.*  The 
pseudo-membrane  is  composed  of 
layers  of  fibrin  which  enclose 
leukocytes,  degenerating  epithelial 
cells,  red  blood-corpuscles,  and  va- 
rious forms  of  bacteria,  prominent 
among  which  are  the  diphtheritw 
bacillL  At  the  base  of  the  pseudo- 
membrane  fibrillar  of  fibrin  em- 
brace the  superficial  epithelial  cells 
membrane  to  adhere  closely  during 


Fig.  1!)0.— Bacillus  diphtheria;,  frum  a  riiltnro  upon 
blood-serum;  X  1000  (Frilukel  and  I'feiHer). 

and  extend  between  them,  causing  the 
the  time  of  its  formation. 


Diagnosis.— In  some  cases  it  is  difficult  to  discriminate  between  mem- 
branous conjunctivitis  due  to  diphtheria  and  that  due  to  other  forms  of 
inflammation.  Caustic  applications  in  mild  forms  of  conjunctivitis  in  in- 
fants and  children  may  produce  a  pseudo-membrane  and  an  intense  plastic 
infiltration  of  the  lid  that  may  be  mistaken  for  diphtheria.  Severe  cases  of 
gonorrheal  and  of  epidemic  conjunctivitis  may  assimie  a  dijihtheritic  aspect. 

1  Archivf.  Ophth.,  1854,  1  Abtli.,  p.  IGS. 
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The  history  will  aid  in  eliminating  error,  but  the  most  conclusiv^e  method  is 
that  of  bacteriological  examination.  Should  the  examination  of  a  cover-glass 
specimen  fail  to  alford  positive  results,  cultivation  experiments  may  be  tried. 

Symptoms. — In  a  typical  case  the  onset  is  sudden.  Slight  discomfort  in 
the  lids,  increased  lachrymation,  and  congestion  of  the  conjunctiva  precede 
the  severer  symptoms  by  a  few  hours.  Swelling  of  tlic  lids  takes  place 
rapidly  :  at  the  end  of  twenty-four  hours  the  upper  lid  may  have  attained 
four  or  five  times  its  normal  thickness.  The  folds  of  the  skin  of  the  lid  are 
obliterated  ;  it  becomes  shiny  and  assumes  a  dusky-red  hue.  The  lid  is  hard 
to  the  toucii,  slightly  elastic,  closes  the  eye  completely,  and  cannot  be  easily 
raised  or  everted.  A  little  flaky  serous  secretion,  sometimes  tinged  with 
blood,  oozes  from  between  the  lids  at  this  stage.  Attempts  to  open  the  eye 
on  the  part  of  the  patient  are  futile,  and  the  surgeon  will  only  partly  succeed. 
A  sensation  of  weight  and  tension  on  the  globe  is  experienced,  but  aside  from 
this  there  is  little  pain. 

On  raising  the  lid  from  the  globe  the  palpebral  and  often  the  ocular  con- 
junctival surface  will  be  found  to  be  covered  with  a  gray  membrane,  which, 
in  the  average  case,  is  about  one  millimeter  in  tiiickness.  On  attempts  to 
remove  this  membrane  shortly  after  it  has  formed,  it  will  be  found  to  be 
closely  adherent  :  forcible  removal  leaves  a  raw,  bleeding  surface,  which  is 
soon  covered  again  by  new-formed  membrane. 

The  acute  stage,  which  may  last  three  to  seven  days,  is  accompanied  by 
slight  rise  of  bodily  temperature,  and  sometimes  by  cephalalgia.  Gradually 
the  lids  become  less  rigid,  the  secretion  morepuriform  ;  the  pseudo-membrane 
comes  away  in  large  or  small  plaques,  and  finally  disajjjiears.  Corneal  com- 
plications in  the  form  of  ulcers  and  extensive  sloughing  frequently  develop, 
not  orfly  when  the  membranous  deposit  is  extensive,  but  also  when  it  is  mod- 
erate in  amount.  There  is  great  variation  in  the  degree  of  severity,  rapid 
destruction  of  the  eye  occurring  in  some  cases,  while  others  are  so  mild  that 
the  nature  of  the  disease  is  not  recognized. 

Prognosis. — Diphtheritic  conjunctivitis  is  probably  the  most  destructive 
disease  that  affects  the  conjunctiva.  The  nutrition  of  the  cornea  is  often 
interfered  with  at  an  early  stage,  and  the  membrane  sloughs.  Of  40  cases 
reported  by  von  Graefe  occurring  in  children,  9  eyes  were  destroyed,  in  3 
there  were  adherent  leukomata,  in  7  simple  leukomata,  and  in  21  the  cornea 
remained  unaffected.  Of  8  cases  in  adults,  5  sustained  perforation  of  the 
cornea,  and  presented  marked  simple  leukomata  after  the  disease  had  passed. 
Symblepharon  of  varying  degrees  may  result  from  adhesion  of  o])})osing  raw 
surfaces.  Tendinous  cicatricial  bands  may  form  in  the  conjunctiva.  Great 
changes  in  the  lid  may  ensue  as  a  result  of  the  formation  of  cicatricial  tissue. 

Treatment. — The  indications  are  to  prevent  the  connnunication  of  the 
disease  to  the  fellow-eye  and  to  the  eyes  of  other  individuals,  to  limit  the 
infiltration  of  the  lids,  to  prevent  destruction  of  the  cornea  by  pressure  or 
bv  infection,  and  to  check  the  extension  of  the  diphtheritic  process  to  other 
mucous  membranes.  Aseptic  or  antiseptic  solutions  may  be  employed  to 
cleanse  the  unaffected  eye  at  stated  intervals,  or,  better  still,  BuUer's  shield 
may  be  applied  to  the  sound  eye.  The  patient  should  be  isolated,  dressings 
and  secretions  from  the  eye  destroyed,  and  towels,  linen,  etc.  disinfected  after 
use.  Cold  applications  should  be  made  as  advised  on  page  277,  until  the 
lids  are  less  tense.  A  free  canthotomy  will  cause  desired  depletion  and 
relieve  the  pressure  on  the  eyeball  exerted  by  the  tense  lids.  The  conjuncti- 
val sac  should  be  carefully  cleansed  at  frecpient  intervals  Avith  a  solution  of 
boric  acid,  bichlorid  of  mercury  (1  :  5000  or  10,000),  or  chlorin-water  (one- 
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half  the  U.  S.  P.  strengtli).  To  prevent  extension  to  the  mucous  membrane 
of  the  air-passages  mercury  to  saturation  has  been  advised.  The  usual  con- 
stitutional treatment  of  diphtheria  is  indicated.  .  , 

Recontlv,  sennn-thempii  has  been  resorted  to  with  results  which,  if  uni- 
formly as  brilliant  as  in  the  cases  reported,  will  rob  the  disease  of  its  terrors. 
As  soon  as  the  diagnosis  is  made,  lU  cgm.  of  Behring's  diphtheria-antitoxin 
is  injected  into  the  abdominal  wall,  and  the  injection  is  repeated  after  forty- 
eight  hours  if  there  is  not  a  marked  recession  of  the  disease.  In  many  cases 
iniprovement  is  noted  before  the  end  of  the  first  twenty -four  hours,  and  the 
membrane  disai)pears  before  the  expiration  of  forty-eight  hours.  Antitoxin 
is  said  to  modifv  lavorably  the  necrotic  process  in  the  cornea. 

Phlyctenular  Conjunctivitis  [Lijmphatic  Conjunctivitis  (J^uchs);  Scrof- 
ulous Ophthalmia  ;  Eczema  of  the  Conjunctiva).— Thh  disease  is  characterized 
by  the  appearance  of  one  or  more  small  translucent  elevations  at  the  limbus 
or  at  some  point  on  the  ocular  conjunctiva,  accompanied  by  an  increased  local 
vascularization  (Fig.  191).    If  a  single  nodule  appears,  it  is  situated  at  the 


apex  of  a  triangular  patch  of  injected  vessels,  the  base  of  the  triangle  being 
directed  toward  the  equator  of  the  globe.  The  affection  is  common  in  chil- 
dren, never  affects  the  new-born,  and  is  rarely  seen  in  adults. 

Etiolog-y. — A  depraved  condition  of  the  system  induced  by  inherited 
taints,  malnutrition,  filth,  and  bad  hygienic  surroundings  predisposes  to  this 
affection.  Although  most  frequently  met  with  among  the  children  of  the 
poor,  the  children  of  the  rich  are  not  exempt.  Experiments  that  have  been 
conducted  with  cultivations  made  from  the  contents  of  the  vesicles  permit  of 
but  little  doubt  that  the  immediate  cause  is  the  presence  of  the  staphylococcus 
pyogenes  aureus  or  albus  beneath  the  epitiielium  of  the  affected  portion  of 
the  conjunctiva  (see  Fig.  192).  This  affection  is  frequently  associated  with 
moist  eczema  of  the  lids,  face,  scalp,  cars,  or  other  parts.  The  nodules  of 
eczema  closely  resemble  those  of  phlyctenular  conjunctivitis,  from  which  the 
same  micro-organism  may  be  cultivated.  It  is  undoul)tedly  from  the  eczema- 
tous  process  that  the  infectious  principle  is  derived  in  many  cases. 

Pustular  l)lepharitis  marginalis  supplies  the  necessary  bacterium  in  some 
cases.  Phlyctenular  conjunctivitis  frequently  follows  the  exanthemata,  as 
measles  and  scarlet  fever.  Simple  and  epidemic  catarrh  of  the  conjunctiva 
encourage  to  the  development  of  phlyctenulie,  which  appear  six  or  seven  days 
after  the  onset  of  the  acute  conjunctivitis  due  to  a  secondary  infection.  Naso- 
pharyngeal disease  always  accompanies  the  affection. 

'Hamilton  and  .Tones:  Brif.  Med.  Joiirn.,  1895,  p.  1419;  Morax :  Annal.  Oculistique, 
cxiii.  p.  360;  Coppez  :  Reviie  gen.  d'Ophthai,  Feb.,  1896,  p.  51  ;  Standish :  Trans.  Amer.  Ophth. 
Soc,  1897,  viii.  44-50. 
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Pathology. — -Apparently  as  a  result  of  the  dej)reciatioii  of  the  resisting 
powers  of  the  tissues  of  the  body,  the  surface  eells  do  not  prevent  the  entrance 
and  development  of  the  pathogenic  micro-organisms.  The  contents  of  the 
nodule  in  the  early  stage  is  a  thickened  fluid  containing  many  leukocytes  and 
some  granules  ;  later  the  contents  resemble  })us.  A  section  of  a  nodule  shows 
it  to  be  formed  by  the  elevation  of  the  epithelial  layer  from  the  underlying 
basement-membrane;  the  vessels  in  the  vicinity  are  congested,  and  there  is  an 
increased  number  of  leukocytes  in  the  adjacent  tissue. 

Symptoms. — The  palpebral  conjunctiva  is  congested  ;  this  is  also  the 
condition  of  the  ocular  conjunctiva  in  the  affected  pt)rtion.  There  are  slight 
stinging  pain,  lachrymation,  photophobia,  and  annoyance  on  use  of  the  eyes. 
The  photophobia  in  phlyctenular  conjunctivitis  is  slight  com])ared  with  that 
accomj)anying  plihii'tcnular  kcrdfili.s  (see  page  .')()o).  In  almost  all  cases  the 
preauricular  glands  are  enlarged.  Frequently  there  is  marked  coryza,  the 
upper  lip  becoming  thickened  by  the  flow  of  irritating  secretions  over  it. 

Diagnosis. — Herpes  conjunctivie,  vernal  catarrh,  and  trachoma  affecting 
the  ocular  conjunctiva  may  be  mistaken  for  phlyctenular  conjunctivitis.  In 
herpes  the  vesicles  which  spring  from  the  injected  conjunctiva  are  transpa- 
rent and  a})pear  in  clusters.  They  do  not  select  the  limbus,  and  are  much 
more  transient.  In  vernal  catarrh  the  elevations  are  larger  and  do  not 
ulcerate.  Trachoma  of  the  ocular  conjunctiva  is  associated  with  trachoma  of 
the  palpebral  conjunctiva,  and  seldom  affects  the  limbus  conjunctivte. 

Prognosis. — When  the  conjunctiva  only  is  affected  the  prognosis  is  favor- 
able, as  recovery  occurs  without  leaving  a  trace  of  the  disease.  The  duration 
is  variable,  from  a  few  days  to  a  number  of  months,  successive  phlyctenulse 
appearing.    Recurrences  are  fre(juently  observed. 

Treatment. — This  should  be  local  and  constitutional.  The  local  treat- 
ment consists  in  keeping  the  eyes  clean  by  the  use  of  some  antiseptic  lotion. 
Bathinir  with  a  saturated  solution  of  boric  acid  in  water  three  or  four  times  a 
day  gives  good  results.  An  ointment  of  the  yellow  oxid  of  mercury  (1-1.5 
per  cent.),  introduced  into  the  conjunctival  sac  twice  daily  after  the  phlyc- 
tenule has  broken  down,  is  of  much  value.  Calomel  may  be  dusted  on  the 
conjunctiva  once  daily  if  the  patient  is  not  taking  iodin.  A  mild  altera- 
tive in  the  shape  of  small  doses  of  calomel  may  be  continued  for  some  weeks 
with  benefit.  Nourishing  food  and  general  tonic  treatment — iron,  quinin, 
cod-liver  oil,  and  perhaps  strychnin — may  be  given.  The  naso-])harynx 
should  receive  appropriate  treatment.  (Consult  also  Phlyctenular  Kerato- 
conjunctivitis, page  307.) 

Herpes  Conjunctivae. — This  occurs  at  times  in  connection  with  herpes 
febrilis  or  herpes  zoster  affecting  the  lids  and  face.  It  is  seldom  that  the 
complete  vesicles  are  found,  as  they  rupture  early,  and  their  site  is  marked 
by  shreds  of  epithelium  which  remain  attached  to  the  conjunctiva  at  the 
margins  of  the  preceding  vesicles. 

The  condition  is  accompanied  by  irritation  and  increased  lachrymation. 
Herpes  of  the  cornea  may  accompany  herpes  conjunctivfe.  The  affection  is 
extremely  rare.  It  calls  for  no  treatment  other  than  that  given  for  the 
affection  which  it  acconqianies  (see  also  page  309). 

Vernal  Conjunctivitis  or  Catarrh  {Fnichjahr'x  Catarrh  (Saemisch) ; 
Spring  Catarrh;  F/ih/rtama  Pallida  (Hirschberg)). — This  is  a  chronic  form 
of  conjunctivitis  which  presents  peculiar  features.  The  tarsal  conjunctiva  is 
covered  by  small,  closely-placed,  flattened,  papilliform  excrescences,  which 
appear  to  be  covered  by  a  delicate  grayish  film.  At  the  margin  of  the  cornea 
the  conjunctiva  is  thickened  and  unequally  raised,  forming  pale,  translucent, 
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or  waxy  nodules,  wliieh  are  largest  opposite  the  palpebral  fissure,  encroach  a 
little  on  the  cornea,  but  extend  to  a  greater  distance  outward  into  the  ocular 
conjunctiva. 

Etiolog-y. — Nothing  definite  is  know  n  of  the  cause  of  the  affection.  Some 
writers  believe  it  to  be  a  form  of  trachoma,  and  so  classify  it.  Fuchs  is  of 
the  opinion  that  it  is  a  si)ecific  disease,  and  that,  although  no  specific  micro- 
organism iias  been  discovered,  it  is  produced  by  such  a  micro-organism. 
Both  eyes  are  affected.  The  male  sex  suffers  most,  the  attacks  being  expe- 
rienced between  the  ages  of  one  and  thirty-five  years. 

Pathology. — Little  is  known  regarding  the  development  of  the  papillae 
of  the  tarsal  conjunctiva.  The  elevations  about  the  cornea  are  preceded  by 
local  injection  of  the  vessels ;  the  thickening  develops  slowly.  The  papillae 
of  the  tarsal  conjunctiva  are  composed  of  a  central  cylinder  or  cone,  made  up 
of  connective  tissue  and  a  few  small  blood-vessels,  which  is  covered  by  a 
thickened  layer  of  epithelium.  Over  the  nodules,  at  the  limbus,  the  epithelial 
laver  is  uneven,  and  is  thicker  than  normal. 

Symptoms. — The  ropy  nature  of  the  secretion  jjroduces  a  sensation  as 
of  a  foreign  body  in  the  eye.  There  are  photophobia,  burning  of  the  lids, 
and  blurring  of  vision,  principally  due  to  the  presence  of  secretion  on  the 
cornea.  Use  of  the  eyes  by  artificial  light  increases  the  irritation  and  lachry- 
mation  ;  the  redness  of  the  ocular  conjunctiva  about  the  cornea  and  the  nodules 
at  the  limbus  are  apparent  on  inspection.  On  everting  the  lid  the  fine  fissures 
of  the  tarsal  conjunctiva  due  to  separation  of  the  papillfe  are  recognized.  The 
disease  gives  but  little  annoyance  during  winter  months,  but  is  very  trouble- 
some during  the  summer  months,  at  which  time  there  is  more  or  less  stringy 
discharge  and  the  eyes  are  painful.  When  cold  weather  comes  on  the  ele\'a- 
tions  at  the  margin  of  the  cornea  become  much  smaller,  some  disappearing 
entirely  ;  the  tarsal  conjunctiva  is  less  thickened,  but  the  pa])illiform  eleva- 
tions still  remain.  Burnett  states  that  in  the  colored  race  the  bases  of  the 
nodules  are  pigmented. 

Diagnosis. — The  history  of  the  case  is  of  great  value  in  making  a  diag- 
nosis. No  other  form  of  conjunctivitis  recurs  and  persists  to  the  same  extent 
during  the  warm  weather.  The  conjunctivitis  that  accompanies  hay  fever 
has  none  of  the  anatomical  and  few  of  the  .symj)tomatic  characteristics  of 
this  disease. 

Vernal  catarrh  may  be  confounded  with  trachoma  and  with  phlyctenular 
conjunctivitis.  The  elevations  on  the  tarsal  conjunctiva  do  not  have  the 
apjiearance  of  the  follicles  of  trachoma,  nor  do  they  have  the  same  anatomical 
structure.  The  pericorneal  elevations  differ  from  those  of  phlyctenular  con- 
junctivitis in  that  they  are  not  so  transient  and  do  not  break  down  and  form 
ulcers. 

Prognosis. — The  disease  recurs  for  a  number  of  years,  and  may  then  dis- 
api^ear  entirely.  In  the  greater  number  of  cases  no  injury  is  done  to  the 
central  area  of  the  cornea ;  however,  the  nodules  may  advance  for  a  consider- 
able distance,  and  in  rare  cases  may  cover  the  cornea,  abolishing  useful 
vision. 

Treatment. — A  complete  cure  by  means  of  treatment  must  not  be  expected, 
but  much  can  be  done  to  relieve  distressing  symptoms,  and  the  advance  of  the 
nodules  on  to  the  cornea  may  be  checked.  Bathing  the  eyes  with  a  Avarm 
solution  of  boric  acid  three  times  daily  will  serve  to  keep  them  f\nrly  clear 
of  secretion.  This,  with  the  application  of  a  smooth  ointment  of  the  yellow 
oxid  of  mercury  (1^  per  cent.)  to  the  conjunctival  sac  twice  daily,  will  pro- 
duce very  favorable  results.    Calomel  and  solutions  of  bichlorid  of  mercury 
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are  useful.  If  the  nodules  are  huge,  they  may  be  redueed  and  their  advance 
checked  by  destroying  them  with  the  cautery  ;  electrolysis  has  been  recom- 
mended. Randolph  advises  salicylic  acid  applied  to  the  conjunctiva  in  the 
form  of  an  ointment  (gr.  iij-siv)  and  as  a  collyrium  (gr.  v-f  .^j). 

Follicular  Conjunctivitis  {Conjiuu-t iritis  FoUicularin  tSimplex). — This 
intiammation  of  the  conjunctiva  is  characterized  by  ti»e  occurrence  of  small, 
oval,  pale  or  light-red  elevations  in  the  transition  folds  of  the  conjunctiva. 
A  few  follicles  the  size  of  a  pinhead  are  often  observed  in  the  tarsal  con- 
junctiva. 

Etiology. — Follicular  conjunctivitis  occurs  among  persons  inhabiting 
crowded  quarters  and  among  those  whose  habits  and  surroundings'  are  not 
cleanlv.  ISoelberg  Wells  states  that  he  thinks  that  there  can  be  no  doubt  that 
the  disease  is  contagious.  It  is  often  met  with  in  the  young,  and  is  of  fre- 
quent occurrence  in  inmates  of  residential  schools. 

Pathology. — The  follicles  are  due,  according  to  Krause  and  Schmidt,  to 
an  abnormal  enlargement  of  the  lymphatic  follicles  of  Krause,  which  are  not 
visible  to  the  unaided  eye  in  the  normal  state,  but  which  are  situated  imme- 
diately beneath  the  epithelium  of  the  conjunctiva.  They  are  supposed  to  be 
neoplastic  growths.  The  follicles  are  composed  of  a  mass  of  lymphoid  cells 
contained  in  a  delicate  network  of  connective  tissue  having  an  incomplete 
capsule  in  which  a  few  small  vessels  ramify. 

Symptoms. — These  are  few  and  not  pronounced ;  indeed,  follicular  con- 
junctivitis may  exist  for  months  without  the  knowledge  of  the  individual 
affected.  On  inspection  the  lower  lid  appears  to  be  slightly  thickened  ;  there 
may  be  increased  lachrymation,  some  mucoid  secretion,  and  the  ocular  con- 
junctiva may  be  injected.  On  everting  the  lower  lid  the  transition  fold  is 
found  to  be  reddened,  and  may  be  swollen  to  such  an  extent  that  the  follicles 
will  not  be  visible  ;  however,  in  the  greater  number  of  cases  the  follicles 
appear  as  small,  oval,  translucent  nodules,  arranged  in  rows,  lying  in  the 
transition  fold.  They  may  be  few  or  numerous.  Although  ordinarily  con- 
fined to  the  lower,  they  may  be  found  in  large  numbers  in  the  upper,  transition 
fold. 

Diagnosis  and  Prognosis. — If  the  conjunctiva  is  not  greatly  swollen, 
the  diagnosis  is  easy.  Follicular  conjunctivitis  differs  from  typical  trachoma 
in  tiiat  it  is  more  transient,  is  more  amenable  to  treatment,  and  is  not  followed 
by  cicatricial  changes.  The  prof/)io.n.s  is  favorable  for  a  return  to  the  nor- 
mal condition  of  health  in  a  number  of  months  if  medicinal  measures  are 
adoj)ted,  and  in  two  or  three  weeks  if  surgical  measures  are  employed.  There 
is  no  tendency  to  im-olvement  of  the  cornea. 

Treatment. — The  jiatient  sliould  not  be  allowed  to  use  the  same  bathing 
ap})liances  witli  others,  and  should  be  isolated  wiicn  practicable.  The  hygienic 
conditions  should  be  made  as  good  as  possible,  and  cleanliness  should  be 
insisted  upon.  Constitutional  treatment  in  the  form  of  tonics,  iron,  strychnin, 
or  quinin  should  be  employed.  J^ocally,  a  mild  astringent  collyrium  of  zinc 
sul])hate  (gr.  j  to  .^j),  alum  (gr.  j  to  .sj),  tannic  acid,  and  glycerin  (gV.  ;50-60 
to  5])  mav  be  employed.  Tlie  sulphate  of  copper  or  alum-crystal  may  be 
lightlv  applied  to  the  follicles  every  forty-eight  hours. 

For  the  surgical  treatment  of  this  affection  see  Surgical  Treatment  for 
Trachoma,  page  563.  Expression  of  the  follicles  with  suitable  forceps  is  the 
most  efficient  measure  to  destroy  them. 

Granular  Conjunctivitis  {Trachoma  ;  Granular  Ophthalmia  ;  ^lUitary 
Ophthalmia). — This  disease  of  the  conjunctiva  })resents  as  its  distinctive 
feature  in  its  early  or  first  stage  numerous  discrete,  oval  bodies  in  the  tarsal 
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conjunctiva  and  transition  fold  {trachoma  bodies).  When  the  conjunctiva  is 
not  livpertropliied  these  irnHUiles  arc  })romineut,  tran.shiccnt,  and  ]-eseinl)lc 
frog-spawn,  to  wliich  they  have  been  compared.  Granuhir  conjunctivitis  is 
most  coniinon  in  youth  ;  however,  individuals  at  all  ages  are  affected,  except 
perhaps  those  in  the  first  year  of  life. 

Description. — In  describing  the  clinical  features  of  granular  conjunctivitis 
it  is  convenient  to  divide  it  into  three  stages. 

The  first  xtatje  is  that  in  which  the  granulations  are  discrete,  in  which  the 
cicatricial  contraction  iins  not  occurred,  tuid  may  be  termed  the  stage  of 
hvpertroi)hv.    It  manifests  itself  in  a  number  of  distinct  phases  which  we 
will  consider  separately. 

1.  Cases  api)ear  sporadically  in  which,  with  little  or  no  previous  indi- 
cation, no  secretion,  but  with  'i)erhaps  a  little  thickening  of  the  lids,  the 
granules  develo]),  and  the  physician  is  surprised  on  everting  the  lid  to  find 
the  palj^ebral  conjunctiva  completely  studded  with  well-formed  granulations 

(Fig.  193).  There  is  scarcely  any  injection 
of  the  conjunctiva  and  no  marked  discomfort 
to  the  individual.  Only  one  member  of  a 
family  may  be  affected  or  only  one  or  two 
])upils  in  a  school  maf  show  this  condition. 
If  this  form  of  granular  conjunctivitis  is  at  all 
contagious,  it  is  only  very  slightly  so,  ])rob- 
ably  because  of  the  very  scanty  secretion. 

2.  The  clinical  picture  presented  by  this 
pliase  of  the  disease  is  the  most  common. 
The  onset  is  not  very  acute,  but  there  is  red- 
ness of  the  conjunctiva  and  of  the  margins  of 
the  lids,  accompanied  by  increased  lachryma- 
tion,  scanty  mucoid  secretion,  and  a  sensation 
of  burning  and  itching.  In  the  morning  the 
lids  are  stuck  together,  but  can  be  opened  without  much  difficulty.  At  the 
end  of  a  week  the  conjunctiva  at  the  transition  folds  is  thickened,  injected, 
and  ))resents  a  few  shreds  of  mucoid  secretion  in  its  folds.  The  ])ain  and 
irritation  have  increased.  There  may  be  some  photophobia.  The  irritation 
is  aggravated  by  use  of  the  eyes. 

At  the  end  of  two  weeks,  if  the  hy])ertro])hy  of  the  conjunctiva  is  not  too 
great,  numerous  sliglit  elevations  whicli  have  much  the  color  of  the  con- 
junctiva, can  be  made  out,  situated  in  the  transition  folds  and  frequently  in 
the  tarsal  conjunctiva.  The  conjunctiva  is  mucii  hypertroi)hied,  and  in  a 
small  percentage  of  the  cases  the  granules  are  so  hidden  that  tlu^y  are  seen 
only  when  the  hypertrojihy  subsides.  In  from  three  to  six  weeks  the  livper- 
tropliied condition  of  tlie  conjunctiva  lessens;  a  livjieremic  condition  ])revails 
and  becomes  chronic.  The  cases  are  contagious  from  the  time  that  the  secre- 
tion a])i)ears  until  it  disap])ears.  The  disease  often  a]>pears  in  epidemic  form. 
Corneal  complications  may  occur  during  the  second  stage,  and  are  not  un- 
common. 

3.  The  third  form  of  onset  is,  so  far  as  the  writer  knows,  confined  to 
adults,  and  begins  much  the  same  as  an  acute  conjunctivitis  of  not  a  very 
severe  type.  The  eyelids  are  considerably  swollen  ;  the  secretion,  which  is 
niuco-purulent,  is  accompanied  by  much  lachrymation  ;  the  hypertrophy  of 
the  conjunctiva  is  excessive,  causing  it  to  lie  in  large  folds  in  the  upper  and 
lower  ciil-de-sacs.  The  ocular  conjunctiva  is  injected,  but  not  mucli  hyper- 
trophied  ;  the  caruncle  and  semilunar  fold  frequently  take  part  in  the  general 


Fig.  193.— Follicular  trachoma  (John- 
son). 
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Fig.  194.— Typical  trranuliir  lid  and  bcfiiiming 
cicatrization,  witli  paiiniis  (Berry). 


thickening.  None  of  the  ordinary  f'orni.s  of  treatment  have  much  effect  in 
reducing  the  hypertropliy,  and  at  the  end  of  two  to  four  weeks  it  becomes 
evident  that  the  hirge  rigid  fohls  represent  one  mass  of  lymphoid  or  tra- 
chomatous tissue. 

Corneal  irritation  is  experienced  relatively  soon  in  this  form  of  the  dis- 
ease, and  (jnite  marked  jxnuiu.s  may  also  occur  early.  This  variety  is  emi- 
nently contagious,  the  type  produced  corresponding  with  this  or  with  tlie 
second  described. 

The  first  stage  of  granular  conjunctivitis,  as  described  in  the  three  types 
of  onset,  merges  gradually  into  the  f<('cond  stage,  w'hicli  is  one  of  commencing 
atrophi/  witli  the  persistence  of  granulation  tissue. 

The  hypertrophy  of  the  conjunctival  tissue  has  ])assed  away,  and  bands 
of  cicatricial  tissue  begin  to  apj)ear  (Fig.  194).  The  individual  tbllicles  have 
lost  their  character  and  have  coalesced, 
forming  larger  or  smaller  masses ;  not 
infrequently  the  upper  tarsus  of  the 
upper  lid  is  one  continuous  ])la(|ue  of 
lym])iK)id  ti.ssue.  The  area  of  the  con- 
junctiva is  consideral)ly  lessened  by 
cicatricial  contraction.  The  tarsus  is 
not  so  wide,  and  is  more  sharply  curved 
from  above  downward.  The  margins 
of  the  lids  are  thickened,  the  ])alpebral 
fissure  narrowed  {])artial  ])t()sis)  and 
shortened.  Lymphoid  tissue  may  ap- 
pear on  the  ocular  conjunctiva  or  even 
on  the  cornea. 

From  irritation  by  the  rubbing  of  the  roughened  lids  the  corneal  e])ithelium 
is  disturbed,  and  in  the  effort  on  the  part  of  nature  to  ])r()tect  this  membrane 
v((!<ct(lar  jKcnniis  appears  over  the  parts  most  seriously  menaced  (Fig.  194). 
When  the  corneal  epithelium  is  disturbed  and  mperjicial  ulcers  are  estab- 
lished, the  irritation  to  the  eye  when  exposed  to  light  is  intense,  and  marked 
])hot()ph()bia  is  experienced.  This  brings  on  contraction  of  the  orbicularis 
])al))ebrarum  nni.scle  and  clonic  or  tonic  spasms,  with  a  forward  bending  of 
the  head. 

AVitli  a  cicatricial  contraction  of  the  inner  or  posterior  surface  of  the 
tarsus,  which  increases  the  curvature  and  thickens  its  lower  half,  and  the  for- 
cing down  of  the  marginal  fibers  of  the  orbicularis  palpebrarum  muscle,  the 
eyelashes  are  made  to  impinge  upon  the  cornea  and  entropion  is  established. 
Sligiit  mucoid  secretion  and  profuse  lachrymation  accom])any  this  stage;  fre- 
qnentlv  the  tears  and  secretion  flow  on  to  the  cheeks,  causing  more  or  IcvSS 
erosion  of  the  e])ithelium  of  the  lower  lid  and  face. 

The  third  stage  is  essentially  one  of  atrojihy.  All  lym|)hoid  tissue  has 
disappeared,  the  cicatricial  contraction  has  partly  or  Avholly  abolished  the 
retrotarsal  folds,  and  the  conjunctival  sacs  are  rendered  very  shallow.  There 
may  remain  some  islets  of  fairly  good  conjunctiva  and  sufficient  moisture  to 
lubricate  the  lids.  The  cornea  is  partly  or  wholly  opa(iue.  In  some  cases 
the  eye  becomes  opaque  and  dry  (xerosis).  Vision  is  greatly  im])aired  or 
wholly  abolished. 

Although  granular  conjunctivitis  in  not  a  few  cases  pursues  the  course 
outlined  alcove,  it  may  also  assume  a  much  more  benign  ty]K'. 

Duration. — There  is  great  variation  in  the  duration  of  all  the  stages  of 
granular  conjunctivitis.    The  first  stage  may  give  way  to  the  second  stage  in 
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the  course  of  three  or  four  montlis  ;  it  may  last  six  mouths  or  a  year.  The 
secoud  stage  is  much  more  |-)rok)Uged  ;  it  uiay  uever  pass  iuto  the  tliird  stage. 
Seldom  fewer  tliau  teu  vears  are  required  to  hriug  the  patieut  to  the  stage  of 
atrophy,  aud  iu  luost  eases  tlie  iudividual  has  reached  middle  age  before  com- 
plete atrophy  is  established. 

Etiology. — Bad  air,  overcrowdiug,  poor  aud  scanty  food,  aud  filth  cou- 
tribute  largely  to  the  developuieut  of  grauular  eoujuuctivitis.  It  is  very 
probable  that  a  (ioutagiuui  uuist  be  added  to  ])roduce  the  disease.  It  becomes 
epidemic  iu  resideutial  schools,  barracks,  aluishouses,  prisons,  etc. 

A  micro-organism  supposed  to  be  specific  has  been  described  by  Sattler 
aud  Michel.    It  is  a  small  double  coccus,  and  may  be  cultivated  from  the 
contents  of  a  trachoma  follicle  (see  Fig.  195).    No*  satisfactory  results  have 
been  reached  by  inoculation-experiments.     Mutermilch  ^ 
has  described  a  fungus  which  he  terms  microsporon  tra- 

V?\  chomatosum,  with  pure  cultures  of  which  he  claims  to  have 

vH:'*'°  produced  trachoma  iu  calves  and  rabbits.    Other  micro- 

organisms have  been  mentioned  as  probable  causative  fac- 
^'coccus"(MTc'her''    tors.    Although  it  is  thought  by  all  who  have  studied  the 
disease  that  it  is  microphytic  in  origin,  sufficient  evidence  is 
not  as  yet  at  hand  to  make  the  belief  indisputable.    Parasitic  protozoa  have 
been  described  (Pfeiflfer,  Ridley). 

So  far  as  is  known,  there  is  no  constitutional  condition  that  predisposes  to 
the  development  of  granular  lids.  Individuals  of  a  lymphatic  condition  are 
said  to  be  especially  prone  to  trachoma,  but  there  is  no  good  evidence  upon 
which  to  base  this  assertion.  Among  certain  peoples,  as  the  Jews,  Italians, 
Egyptians,  and  other  inhabitants  of  the  East,  trachoma  is  prevalent.  Accord- 
ing to  Burnett,  the  negro  of  pure  blood  is  imiuime  to  trachoma ;  but  his 
observations  have  apparently  been  confined  to  the  negroes  of  our  Southern 
States.  The  geographical  distribution  of  granular  lids  has  attracted  much 
attention.  In  certain  regions  of  the  inhabited  portions  of  the  earth  the  dis- 
ease is  of  extremely  rare  occurrence.  This  is  true  of  the  Scandinavian  penin- 
sula and  of  tlie  southern  part  of  California. 

Pathology  and  Pathological  Anatomy. — In  the  inflammatory  cases  the 
blood-vessels  become  enlarged,  and  a])parently  increase  in  number,  accom- 
jMinied  by  an  increase  in  the  nuclei  and  in  the  cellular  elements  of  the  con- 
junctiva. The  ])apillarv  body  becomes  enlarged,  the  lym])hoid  tissue  is 
greatly  increased,  and  numerous  small  lymphoid  follicles  develop  iu  the 
pal})('bral  conjunctiva. 

An  attempt  has  been  made  to  separate  foUicuhfiis  from  trachoma  on 
histological  grounds,  the  claim  being  made  that  iu  folliculosis  there  is  an 
eidargement  of  the  lymph-follicles  of  Krause,  which  normally  reside  in  the 
conjunctiva.  It  is  affirmed  that  the  follicles  in  granular  conjunctivitis  are 
neoplasms,  and,  although  anatomically  identical  with  the  follicles  in  follicu- 
losis, have  no  connection  with  it.  In  careful  studies  made  by  the  writer  no 
such  distinction  has  appeared  to  be  possible.  The  follicle  consists  of  aggre- 
gations of  lymph-corpuscles  situated  immediately  beneath  the  epithelium, 
having  a  more  or  less  marked  fibro-vascular  ca]>sule  and  traversed  by  very 
fine  trabecule  of  connective-tissue  fibers  ;  some  capillaries  may  be  traced 
into  them.  The  epithelium  over  the  follicle  is  irregular  and  slightly  thick- 
ened in  some  parts.  After  the  granules  have  coalesced  the  mass  resembles 
a  flattened  lymphoma  (Fig.  196). 

The  cicatricial  tissue  is  made  up  of  fine  connective-tissue  fibrilhe  closely 
1  Annul,  d' Oculistique,  Oct.,  1891-May,  1892. 
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associated,  wliicli  contract  as  thov  mature.  Small  cyda  develop  in  the  con- 
junctiva in  the  second  stage  in  some  cases  of  granular  conjunctivitis. 

Diagnosis. — Granular  conjunctivitis  may  be  confounded  with  the  papilli- 
form  swellings  of  the  transition  fold  which  occur  in  acute  muco-purulent 
and  in  pui-ulent  conjunctivitis,  with  vernal  catarrh,  and  with  the  cases  of 
fibroid  or  fungoid  excrescences  of  the  conjunctiva. 

In  the  first  a  further  observation  of  the  case  will  serve  to  decide  its 
nature.  Vernal  catarrh  affords  by  its  history,  by  the  fact  that  the  transition 
folds  are  relatively  free,  and  by  the  peculiar  character  and  arrangement  of 
the  elevations  about  the  cornea  sufficient  data  to  relegate  it  to  another  class. 
Fibrous  or  horny  granulatioiix  may  require  careful  study — microscopically 
perhaps — to  enable  one  who  has  not  observed  other  cases  to  determine  their 
nature.  The  masses  are  not  li/mphomata,  but  are  fibromata  with  a  mucli- 
thickened  epithelial  layer. 

Prognosis. — This  is  favorable  if  the  case  is  seen  before  much  permanent 
impairment  of  vision  has  resulted.    If  seen  in  the  first  stage,  a  cure  may  be 


Fig.  196.— Section  of  a  trachoma  foUicle,  showing  an  ill-defined  capsule  containing  vessels,  small 
blood-vessels  in  the  body  of  the  follicle,  find  the  immediate  proximity  of  the  epithelial  cells  to  the 
lymphoid  cells  of  the  follicle  (camera  Incida). 

effected  with  but  little  damage  to  any  of  the  tissue  involved.  Some  cicatri- 
cial tissue  will  develop  in  the  conjunctiva  at  the  site  of  the  follicles,  but  the 
function  of  tiie  eye  will  be  but  little  interfered  with. 

In  the  second  stage  much  can  be  done  to  improve  the  condition  if  treat- 
ment is  instituted.  If  the  disease  is  permitted  to  take  its  course,  spontane- 
ous recovery  will  occur  in  some  cases,  but  in  many  corneal  ulcer,  paimm, 
trichiasis,  and  entropion  will  develop. 

When  the  third  stage  is  reached  little  can  be  done  to  improve  the  condi- 
tion of  the  eye. 

Treatment. — This  is  proj^hylactic,  medicinal,  and  surgical. 

Isolation  should  be  practised,  if  ])()ssible,  so  long  as  discharge  persists. 
Cleanliness  bv  irrigating  the  eye  with  some  bland,  antiseptic,  or  mild  germi- 
cidal solution  is  first  to  be  observed,  care  being  taken  that  bathing  appliances 
used  by  the  patient  shall  not  be  used  by  others.  A  solution  of  boric  acid 
or  a  solution  of  l)ichlorid  of  mercury  (1  :  10,000  or  1  :  15,000)  or  formalin 
(1  :  3000)  may  be  employed  three  or  four  times  daily,  bathing  ten  or  twenty 
minutes  each  time.  A  solution  of  bichlorid  of  mercury  (1  :  5000  or  ]  :  8000) 
wdiich  contains  a  few  grains  of  sodium  chlorid,  or  chlorin-water,  50  per  cent., 
officinal,  may  be  dropped  freely  into  the  eye  after  each  bathing.  Applications 
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of  nitrate  of  silver  (gr.  iij  to  5.))  once  daily  will  be  of  much  value  if  there  is 
secretion.  . 

When  the  acute  svniptoius  have  subsided  stinudating  astringent  applica- 
tion may  be  made.  Alum-crystal,  sulphate-of-copper  crystal,  or  the  miti- 
gated stick  of  nitrate  of  silver  may  be  employed  to  lightly  touch  the  granula- 
tions once  every  second  day.  Sulphate  of  copper  is  most  generally  used  and 
gives  greatest  satisfaction.'  Not  all  conjtmctivse  will  tolerate  these  ap})lica- 
tions;  trial  will  enable  one  to  decide  in  which  cases  to  employ  them.  In  the 
intervals  between  the  applications  the  patient  should  continue  with  the  bathing 
and  drops,  using  them  at  least  three  times  daily.  Corneal  complications 
usually  require  atropin,  but  nothing  additional.  With  an  improvement  in 
the  lids  the  corneal  ulcers  will  disappear. 

Surgical  treatment  is  of  the  greatest  value  in  the  early  stage,  and  is 
described  on  page  563. 

Chronic  Conjunctivitis  (Chronic  Ophthalmia) —A  thickened,  con- 
gested, irritable  condition  of  the  palpebral  conjunctiva  sometimes  persists 
for  months  after  an  acute  conjunctivitis,  accompanied  by  redness  of  the 
margins  of  the  lids.  A  similar  condition  may  accom])any  blepharitis  margin- 
alis,  concretions  in  the  lachrymal  canals,  atrojjhic  or  hypertrophic  rhinitis,  and 
eye-strain  from  errors  of  refraction  or  muscular  abnormalities.  The  affection 
is  more  than  a  simple  congestion,  being  accompanied  by  a  scanty  muco-puru- 
lent  secretion. 

In  old  people  a  flabby,  slightly  congested  condition  of  the  conjunctiva 
sometimes  exists,  also  accompanied  by  a  scanty  discharge.  Swelling  or 
hypertrophy  of  the  carwnde  is  found  in  almost  all  cases  of  chronic  conjunc- 
tivitis. 

Treatment. — The  lachrymal  and  nasal  passages  should  be  carefully  ex- 
amined and  any  abnormal  condition  properly  treated.  Errors  of  refraction 
should  be  corrected,  and  the  condition  of  the  margins  of  the  lids  made  favor- 
able by  proper  treatment.  The  conjunctivitis  may  subside  spontaneously 
after  the  successful  treatment  of  the  source  of  irritation,  but  in  many  cases 
stimulating  and  astringent  measures  must  be  resorted  to.  Applications  may 
be  made  with  a  solution  of  nitrate  of  silver  (1  per  cent.)  once  in  forty-eight 
hours  until  the  secretion  ceases,  or  Avith  glycerol  of  tannin  (3ss  to  .^ij)  sprayed 
on  the  conjunctiva  once  daily.  Extremely  light  applications  of  sulphate  (jf 
copper  or  alum-crystal  may  be  made  every  second  day.  These  measures, 
with  careful  cleansing  two  or  three  times  daily  witii  a  solution  of  boric  acid 
(3  per  cent.),  will  in  many  cases  effect  a  cure. 

Bgyptian  and  Military  Ophthalmia. — These  terms  are  used  without 
discrimination  to  indicate  acute  or  subacute  inflammations  of  the  conjunctiva 
whicli  appear  in  Egypt  or  may  affect  an  army.  They  comprise  at  least  three 
distinct  forms — namely,  epidemic  acute  contagious  conjunctivitis,  gonorrheal 
conjunctivitis,^  and  acute  trachoma.  The  consideration  of  these  diseases  is 
found  under  their  ap])ropriate  headings. 

I<achrymal  conjunctivitis  is  an  inflammation  of  the  conjunctiva 
accompanying  dacryocystitis,  and  due  to  the  presence  of  the  irritating  puru- 
lent secretion  from  the  lachrymal  sac,  which  contains  streptococci  (Fig.  197). 
The  inner  third  of  the  palpebral  and  ocular  conjunctiva  is  most  congested, 
but  the  whole  low*  (;ul-de-sac  is  frecpiently  involv(?d.  The  eye  is  often 
suffused  with  tears  ai  1  muco-purulent  secretions,  which,  failing  to  escape  by 
the  tear-passages,  flow  over  on  to  the  cheek. 

The  j)resence  of  a  dacryocystitis  determines  the  diagnosis.    It  is  easy, 

1  Koch  :  Weiner  med.  Woch.,  1883,  1550. 
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bowevor,  to  overlook  tliis  cause,  unci  it  is  therefore  advisable  to  examine  the 
condition  of  the  lachrvnial  sac  in  all  eases  of  conjunctivitis. 

The  prognoxk  is  favorable  if  the  dacryocystitis  can  be  corrected.  In 
some  cases  an  ulcer  of  the  cornea 
forms,  becomes  infected,  and  perfo- 
ration follows,  with  greater  or  less 
impairment  of  vision. 

An  early  correction  of  the  da- 
cryocystitis is  advisable  in  all  cases. 

I/ithiasis  conjunctivae  is 
characterized  bv  the  formation  of 
white  calcareous  concretions  in  the 
acini  of  the  Meibomian  glands. 
These  concretions  penetrate  the 
epithelial  layer  and  produce  great 
irritation  by  friction  on  the  cornea 
and  conjunctiva.  They  usually  ac- 
comj)any  a  gouty  diathesis,  and  are 
apparently  of  the  nature  of  tophi. 

On  everting  the  lids  the  white 

concretions    are    readily    seen    and  Fig.  lOV .-streptococci  pyogenes  (Fraenkel  and  Pfeiffer). 

recognized.    The  prognosvi  is  good  ; 

however,  new  formations  of  similar  deposits  must  be  expected.  The  treat- 
ment consists  of  liberation  of  the  concretions  by  incision. 

Toxic  conjunctivitis  is  a  term  employed  to  designate  those  forms  of 
conjunctivitis  that  are  due  to  the  chemical  action  of  certain  substances.  The 
following  substances  may  be  mentioned  as  acting  in  this  manner  :  Atropin  and 
other  mydriatics,  the  myotics,  chrysarobin,  calomel,  the  dust  from  anilin  dyes, 
fumes  from  menthol  and  formalin,  and  virus  introduced  by  the  bites  of  insects. 

The  conjunctivjE  of  some  individuals  do  not  tolerate  atropin  even  in 
very  weak  solutions.  When  a  few  drops  of  a  solution  of  atropin  are  intro- 
duced into  the  conjunctival  sac  of  such  individuals,  a  smarting  and  pricking 
sensation  is  soon  experienced ;  the  conjunctiva  and  lids  become  slightly 
swollen  and  congested.  The  congestion  of  the  lid  is  confined  to  the  palpe- 
bral portion,  imparting  a  peculiar  and  quite  characteristic  appearance.  More 
or  less  dryness  of  the  throat  and  irritation  of  the  nasal  mucous  membrane 
may  accompany  the  conjunctivitis.  If  no  more  atropin  is  instilled,  the  smart- 
ing and  swelling  subside  in  twenty-four  to  forty-eight  hours,  and  recovery 
ensues.  A  similar  condition  may  follow  the  use  of  hyoscyamin,  duboisin, 
cocain,  and  homatropin^  but  is  much  less  apt  to  occur.  Eserin  sometimes 
produces  congestion  of  the  conjunctiva.  If  a  non-sterile  solution  of  atropin 
be  used  daily  for  some  time,  a  follicular  conjunctivitis,  in  which  the  follicles 
are  largely  confined  to  the  lower  cul-de-sac,  may  be  ])rodueed.  The  condition 
responds  readily  to  treatment  after  the  atropin  is  discontinued. 

Chrysarobin,  when  used  in  the  form  of  an  ointment,  may  produce  a 
violent  non-suppurative  conjunctivitis  which  gradually  subsides  on  the  dis- 
continuance of  the  drug. 

Calomel  when  dusted  into  the  eye,  as  in  the  treatment  of  corneal  affections 
in  one  who  is  taking  iodin  in  any  form,  undergoes  a  pid  change  into  an 
iodid  through  the  a(;tion  of  the  lachrymal  fluid,  and  may  produce  marked 
inflammation  of  the  conjunctiva  wdth  superficiid  \\\cevi^  {(uihmi'J  ('onjim(iivitu). 
If  the  calomel  treatment  is  withdrawn  and  the  conjunctival  sac  thoroughly 
cleansed,  recovery  will  rapidly  occur. 
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Tlie  irritation  oociisioiied  l)y  tlic  dust  from  anilin  dyes  and  the  fumes 
from  u)enthol  and  formalin  will  subside  when  the  eause  is  removed. 

The  sting  of  the  fly  prochices  intense  edematous  swelling  of  the  conjunc- 
tiva and  lids,  accompa'nied  with  hut  little  secretion.  Bathing  with  hot  water 
to  which  a  little  biborate  of  sodium,  bicarbonate  of  sodium,  boric  acid,  or 
sodimn  chlorid  is  added  will  aid  in  causing  the  tissues  to  resimie  their  normal 
condition.  The  irritation  caused  by  caterpillar  hairs  j^roduces  a  form  of  con- 
junctivitis to  which  the  name  oplithaliiiia  nodosa  has  been  applied  (see  also 
page  ;327). 

Xerosis  {xerophthnlmoH)  of  the  conjunctiva  is  a  condition  in  which  the 
surface  of  the  conjunctiva  apj)cars  to  be  dry.    Two  forms  are  recognized  : 

{(i)  Xerosis  due  to  cicatricial  degeneration  of  the  conjunctiva  (.V.  paren- 
ehyni(dos(i,  e.s.^oifud  (drojdiif  of  f/ic  coujniicfica). 

(6)  Xerosis  accompanying  a  general  disease  (X  saperjicialis,  X.  epithelialis, 
X.  triaitgidaris,  X.  infcuifin.s). 

Xerosis  due  to  cicatricial  degeneration  of  the  conjunctiva  is  most  fre- 
quently caused  by  trachoma.  Pemphigus,  burns,  and  exposure  of  the  con- 
junctiva to  the  atmosphere,  as  in  ectropion  and  lagophthalmos,  may  produce 
it.  Xerosis  may  be  j)artial  or  complete.  In  xerosis  the  conjunctiva  is  luster- 
less  ;  the  dryness  is  due  to  cicatricial  obliteration  of  secreting  tissues  in  or 
connected  with  the  conjunctiva.  This  affection  is  seldom  met  with  in  indi- 
viduals who  have  not  reached  mature  years.    It  is  incurable. 

Xerosis  due  to  general  disease  a])pears  both  in  a  mild  and  in  a  severe 
form.  The  mild  form  is  characterized  i)y  the  ai)pearance  of  triangidar  masses 
of  a  foamy,  lardaceous  secretion,  not  moistened  by  the  tears,  which  are  located 
at  the  maro-ins  of  the  cornea  in  the  horizontal  meridian.  The  bases  of  the 
triangles  are  placed  next  to  the  cornea.  Nyctalopia  (night-blindness)  accom- 
panies this  condition.  It  appears  in  children  and  adults,  and  is  the  result  of 
malnutrition.  Inmates  of  prisons,  soldiers  in  barracks  or  field,  railroad 
laborers,  sailors  on  long  voyages,  and  those  who  eat  a  poor  quality  of  food 
with  but  little  variety  for  long  periods  of  time,  suffer  from  this  affection. 

A  severer  form,  which  attacks  infants  and  very  young  children  only,  is 
often  associated  with  kerafo-ma.lacla  (see  page  318).  The  disease  extends 
from  the  conjimctiva  to  the  cornea,  producing  complete  destruction  of  that 
membrane.  The  secretion,  Avhich  is  of  the  same  nature  as  that  which  ap})ears 
in  the  mild  form,  first  develo[)s  in  the  conjunctival  sac  and  extends  over  the 
eye. 

Prognosis. — The  prognosis  in  the  mild  form  is  favorable.  Infants  and 
young  children  suffering  from  the  severe  form  seldom  recover. 

Microscopical  examination  of  the  secretion  in  these  cases  discloses  the 
presence  in  almost  pure  culture  of  a  ])lum]),  short  bacillus,  which  usually 
apjiears  in  ]>airs.  This  bacillus  has  been  fully  described  by  licber,  and  w^as 
thought  by  him  to  be  the  ])athogenic  factor  in  the  disease.  Other  observers 
have  not  been  able  to  suj)|iort  this  view. 

Treatment. — Improvement  in  the  nutrition  of  the  individual  is  the 
essential  mcasiu'c  to  ]>r()mot(>  recovery. 

Amyloid  Disease  of  the  Conjunctiva.— This  disease  is  rarely  met 
with  in  the  United  States.  It  is  characterized  by  the  ajqjearance  of  yellow- 
ish, waxy,  translucent  masses  in  the  conjunctival  sac,  taking  their  origin  most 
frequently  from  the  retrotarsal  fold.  The  entire  conjunctiva  may  participate 
in  the  change,  the  great  thickening  converting  it  into  large  folds  which  mav 
overlap  the  cornea  and  seriously  obstruct  vision.  The  tissue  is  very  friable 
and  is  almost  devoid  of  l>lood-vessels. 
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.  Pathology. — The  tissue  is  largely  made  up  of  lymphoid  cells  which  in 
■certain  places,  notably  near  the  surface,  have  lost  their  distinctive  character- 
istics and  have  undergone  a  hyalin  degeneration,  contributing  to  the  formation 
of  a  homogeneous  mass.  The  hyalin  stage  passes  into  an  amyloid  stage 
(Raehlmann),  when  fresh  sections  give  the  starch-reaction  in  the  presence  of 
the  iodin  test.  Sarcomatous  tissue  may  be  an  element  in  these  growths/ 
and  osseous  deposits  may  occur  in  the  mass. 

The  diagnosis  is  easy,  no  other  growth  possessing  the  same  appearance, 
and  the  jjrognosis  is  favorable  if  no  malignant  element  is  present.  The  de- 
velopment is  slow.  The  treatment  should  consist  of  thorough  removal  of  the 
diseased  tissue.^ 

Pterygium  is  a  peculiar  Heshy  mass  of  hypertrophied  conjunctiva  which 
develops  most  frecpicntly  at  the  inner,  but  occasionally  at  the  outer,  side  of 
the  eyeball.  It  is  wedge-shaped,  the  base 
lying  at  the  caruncle ;  its  upper  and  lower 
borders  overlap  the  conjunctiva,  permitting 
of  the  introduction  of  a  probe.  The  apex 
of  the  pterygium  advances  on  to  the  cornea 
in  the  horizontal  meridian,  rarely  passing 
the  center  of  the  pupil  (Fig.  198).  Pterygia 
are  most  frequently  met  with  in  men,  and 
are  peculiar  to  adult  life. 

Etiology. — Irritating  particles  that  pass 
the  margins  of  the  lids  and  impinge  upon 
the  ocular  conjunctiva  first  produce  Pinguec- 
ulae (Fuchs),  and  later  pterygia.  Miners, 
stone-masons,  laborers,  and  those  who  inhabit 
•countries  where  there  is  much  alkali  dust 
present  the  condition  most  frequently. 

A  form  of  pterygium  known  as  pseudo- 
pterygiiim  is  also  recognized.  This  is  an 
irregular  growth  which  may  encroach  upon 
the  cornea  from  any  direction.    It  follows 

burns,  ulcerative  j^rocesses,  and  injuries  to  the  margin  of  the  cornea. 

Pathology. — A  transverse  section  through  the  body  of  a  pterygium  shows 
it  to  be  composed  of  loose  connective  tissue,  rich  in  blood-vessels,  and  with 
more  or  less  small-cell  infiltration  according  to  the  degree  of  irritation.  The 
epithelial  layer  is  thickened.  The  tissue  of  the  ])receding  ]unguecula  is  em- 
bodied in  tliat  of  tlie  jitervgium.  At  the  apex  of  the  pterygium  an  infiltration 
of  small  cells  is  found  which  extends  for  a  short  distance  into  the  superficial 
lamelke  of  the  cornea.  A  very  few  fine  blood-vessels  also  precede  the  advance 
of  the  growth.  Micro-organisms  find  suitable  lodgement  in  the  folds  of  the 
tissue  of  the  pterygium. 

Pain  is  experienced  only  when  the  pterygium  becomes  inflamed.  Dis- 
turbances of  vision  result  from  acquired  astigmatism  and  from  invasion  of 
the  pupillary  area.  The  condition  can  scarcely  be  confounded  with  any  other 
disease.  If  early  operation  is  resorted  to,  the  prognosis  is  good,  but  recur- 
rence is  not  uncommon.  After  the  pupillary  area  is  invaded  slight  nebulous 
opacities  and  irregular  astigmatism  are  present  after  the  pterygium  is  removed. 

'  Front  and  Bull:  Archives  of  Ophthalmolocfy,  vol.  viii.  p.  73. 

'-  Leber  has  described  a  recurring  and  spreading  form  of  conjunctival  disease,  characterized 
by  the  appearance  of  raised  whitish  patches,  in  the  center  of  which  is  found  a  deposit  of  lime, 
•to  which  he  gives  the  name  conjunctivitis  petrificans. 


Fig.  198.- 


-Pterygium :  P,  apex ; 
(Michel). 


P',  base 
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Treatment. — This  is  always  surgical — divulsion,  excision,  or  transplanta- 
tion.    Karly  ojK'ration  is  advised.    (See  page  561  for  technique.) 

Pinguecula. — This  is  a  small  yellowish  elevation  in  the  ocular  conjunc- 
tiva, situated  near  the  inner  margin  of  the  cornea  in  the  horizontal  meridian  ; 
the  growth  luav  also  occur  near  the  outer  margin  of  the  cornea.  Fuchs  is 
of  the  opinion  that  })inguecula  should  he  regarded  as  the  early  stage  of 
pterygium. 

The  condition  is  apparently  due  to  irritation  produced  by  the  presence  on 
the  ocular  conjunctiva  of  particles  of  dust  and  small  foreign  bodies,  and  is 
most  frecpientlv  observed  in  those  whose  occupation  brings  them  in  contact 
with  much  dust.  Formerly  supposed  to  owe  its  yellow  color  to  the  presence 
of  fat-cells,  it  is  now  known  to  be  a  hyperplasia  of  the  white  and  elastic 
connective-tissue  fibers  of  the  conjunctiva,  together  with  a  colloid  substance. 
Its  epithelial  layer  is  considerably  thickened. 

The  diagnosis  is  made  without  difficulty,  as  there  is  nothing  for  which  it 
can  be  mistaken.  Pinguecula  may  degenerate  into  pterygium,  but  in  many 
cases  remains  practically  without  change. 

Treatment. — The  growth  may  be  excised  or  destroyed  by  the  cautery. 
It  is  not  necessary  to  interfere  in  ordinary  cases. 

Abscess  of  the  conjunctiva  is  an  extremely  rare  condition.  As  a  con- 
sequence of  traumatism  small  abscesses  may  develop.  A  suppurating  Meibo- 
mian gland  may  produce  an  abscess  that  opens  on  the  conjunctival  sui-face. 
Pus  from  a  suppurative  process,  taking  place  in  the  orbital  tissue,  may  bulge 
the  conjunctiva  forward  and  form  a  fluctuating  tumor.  These  conditions, 
however,  belong  properly  to  other  tissues.  The  abscess  should  be  opened 
in  the  ordinary  manner. 

Bcchymosis  of  the  Conjunctiva  {Subconjimdival  Hemorrhage). — This 
is  a  condition  due  to  the  exudation  of  blood  beneath  the  conjunctiva,  and  pre- 
sents the  appearance  of  a  bright-red  or  dark-red  spot  of  varying  dimensions 
with  rather  sharply-defined  margins.  The  ecchymosis  may  affect  the  loose 
conjunctiva  of  the  globe  or  lids.  The  conjunctiva  tarsi,  because  of  its  close 
connection  with  the  tarsus,  does  not  permit  the  blood  to  pass  beneath  it. 

Etiology  and  Pathology. — The  ecchymosis  may  be  traumatic  in  origin,, 
following  squint  or  other  operations,  blows,  the  entrance  of  a  foreign  bodv, 
or  it  may  be  due  to  the  spontaneous  rupture  of  a  small  subconjunctival  blood- 
vessel (see  also  page  360).  The  Hpontancou^  exudation  of  blood  usuallv  occurs- 
in  elderly  individuals,  in  whom  the  walls  of  blood-vessels  are  undoubtedly 
weakened  by  atheromatous  processes  and  give  way,  and  may  indicate  nephri- 
tis, but  is  sometimes  seen  in  children  as  a  result  of  violent  coughing,  vomit- 
ing, etc.  In  certain  cases  of  fracture  of  the  skull  through  the  orbit  conjunc- 
tival ecchymosis  occurs  in  the  outer  lower  quadrant  of  the  ocular  conjunctiva. 
Very  small  ecchymotic  spots  accompany  acute  forms  of  conjunctivitis.  The 
blood  gradually  becomes  absorbed  and  the  natural  color  of  the  tissues  is 
restored. 

Treatment. — Left  to  itself,  the  blood  Avill  be  gradually  absorbed. 
Absorption  may  be  hastened  by  bathing  the  eye  with  water,  at  as  high  a 
temperature  as  the  individual  can  bear,  three  or  four  times  daily,  for  twenty 
or  thirty  minutes  each  time.  • 

Chemosis  of  the  conjunctiva  may  be  active  (inflammatoi'yy  or  passive 
{non-inflammatory).  It  is  a  condition  in  which  the  ocular  conjunctiva  becomes 
thickened  and  raised  around  the  margin  of  the  cornea,  forming  a  uniform 
shallow  pit  of  which  the  cornea  constitutes  the  floor. 

Etiolog-y  and  Pathology. — Inflammatory  chemosis  is  rarely  absent  in 
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]^nrulont  eonjunctivitis,  and  often  acconn)anies  pronounced  keratitis.  When 
the  interior  of  tlie  eye  is  the  seat  of  an  inflaiiunatorv  process,  as  in  certain 
forms  of  iridocyclitis  and  infection  after  cataraet  o])erati()ns,  elieniosis  is  some- 
times produced.  It  may  follow  the  administration  of  potassium  iodid  or  suc- 
ceed an  attack  of  urticaria.    It  is  an  occasional  ac(;ompaniment  of  ne])hritis. 

Passive  chemosis  is  sometimes  observed  in  alcoholic  and  gouty  indi- 
viduals. 

A  section  of  the  tissue  in  inflannnatory  clieinosis  presents  an  intense  infil- 
tration of  leukocytes  into  the  subconjuncti\'al  tissue  at  the  maru'in  of  the 
cornea,  some  thin-walled,  newly-formed  blood-vessels,  transuded  blood,  and 
fibrin  (Fig.  199).  In  the  passive  variety  the  leukocytes  are  very  much  less 
numerous,  there  are  no  newly-formed  blood-vessels,  and  the  condition  is 
more  nearly  one  of  simple  edema. 

The  chemosis  is  so  great  in  souie  cases  that  the  swollen  coujunctiva  over- 
hangs the  cornea  and  obstructs  the  vision  ;  it  may  even  ])rotrude  Ix'tweeu  the 
lids.    There  are  no  other  symptoms  added  to  those  accompanying  the  con- 


FiG.  199.— Section  of  the  plol)0,  showing  chemosis  of  the  conjunctiva  (camera  lucida).    (Extensive  small- 
cell  infiltration.)   1,  thin-walled  lilood-vessels  ;  2,  cornea. 

dition  which  has  produced  the  chemosis.  The  chemosis  subsides  on  subsid- 
ence of  the  accompanying  inflammation  ;  if  it  is  intense,  scarification  may  be 
resorted  to. 

Kmphysema  of  the  Conjunctiva. — Subconjunctival  emi)hysema  is 
characterized  by  a  non-infiammatory. lobulated  swelling  of  the  conjunctiva, 
which  emits  a  j^eculiar  fine  crackling  sound  on  pressure.  It  is  due  to  the 
entrance  of  air  beneath  the  conjunctiva  from  injuries  to  the  lids,  fracture  of 
the  margin  of  the  orbit  extending  into  the  frontal  sinus,  ethmoid  sinus,  or 
nasal  cavity.    The  air  is  absorbed  and  the  condition  disa])pears  spontaneously. 

I/ympiiangiectasis  conjunctivae  is  a  benign  condition  whicli  affects 
the  ocular  conjunctiva,  and  is  of  much  more  frequent  occurrence  in  its  onter 
half  than  in  any  other  part.  It  consists  of  a  small  chain  or  cluster  of  vesi- 
cles, which  vary  in  size  from  very  minute  ones  to  those  the  size  of  a  grain  of 
wheat.  They  are  trans})arent,  and  are  freely  movable  over  the  subconjunctival 
tissue.  The  cause  is  not  known.  The  disease  is  found  most  frequently  in 
those  who  suffer  from  chronic  conjunctivitis.    The  condition  is  one  of  dila- 
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tation  of  tlie  Ivmph-cliannels,  the  small  pockets  containin«i-  u  clear  fluid.  The 
diagnosis  is  not  difficult,  as  there  is  nothing  else  with  which  it  may  be  con- 
founded.   The  vesicles  may  be  excised. 

Syphilis  of  the  Conjunctiva.— Chancre,  pai)ular  syphilides,  copper- 
colored  spots,  nuicous  patches,  gunimata,  nodular  sypiiilides,  and  syphilitic 
ulcer  may  affect  the  conjunctiva. 

Chdncre  appears  most  frecpiently  on  the  palpebral  conjunctiva  near  the 
margin  of  the  lid,  wiiere  it  presents  an  indurated  (circular  red  elevation  of 
perluips  1  centimeter  in  diameter,  usually  with  a  shallow  ulcer  at  the  top, 
having  a  grav  base.  Occurring  in  the  transition  fold  or  in  the  ocular  con- 
junctiva, the  base  of  the  mass  is  distinctly  indurated,  and  when  grasped  by 
the  forceps  is  much  like  a  piece  of  parcinnent  lying  in  the  mucous  membrane. 

Grouped  papular  si/philides  are  of  rare  occurrence ;  they  accompany  the 
same  form  of  syphilidc  on  the  face  and  lids  ;  the  same  may  be  said  of  the 
copper-colored  spots,  which  are  rarely  seen. 

Mucous  patches  are  more  common  ;  they  resemble  the  mucous  patches  as 
they  appear  on  other  mucous  surfaces,  are  slightly  raised,  with  a  gray,  even 
surface,  and  have  a  border  of  injected  mucous  membrane  around  them. 

Gummata  of  the  coivjunctiva  are  extremely  rare.  Morrow  states  that  tliey 
appear  as  small  discrete  tumors  of  the  conjunctiva  the  size  of  a  pea  or  bean. 

Gummy  tumor  of  the  episcleral  tissue  and  of  the  lids,  affecting  the  con- 
junctiva, is  met  with.  The  growth  is  elevated  and  is  soft.  It  may  cause 
extensive  destruction  of  tissue.  It  is  differentiated  from  sarcoma  by  the 
effect  produce!  on  it  by  antisyphilitic  treatment. 

Nodular  syphilides,  manifestations  of  the  later  stages  of  syjihilis,  some- 
times occur  in  the  lids  and  produce  conjunctivcd  ulcers.  Sloughs  of  large 
extent  may  result.  In  all  of  the  conjunctival  manifestations  of  syphilis  the 
preauricular  and  cervical  glands  are  more  or  less  enlarged.  Pain  is  not  a 
prominent  feature. 

If  recognized  early,  the  prognosis  in  all  cases  of  syphilitic  affections  of 
the  conjunctiva  is  favorable.    The  condition  responds  readily  to  treatment. 

Treatment. — If  an  ulcerated  surface  exists,  it  may  be  cleansed  with  a 
weak  bichlorid  solution  (1  :  3000  or  1  :  5000),  and  calomel  dusted  on  after- 
ward. Vigorous  antisy])hilitic  constitutional  treatment  should  be  given  as 
early  as  possible. 

Tumors  and  Cysts  of  the  Conjunctiva. — Congenital. — Dermoid 
Tumors. — These  usually  develop  near  or  at  the  sclero-corneal  margin  ;  they 
may  be  small,  slightly  elevated,  and  have  a  very  few  fine  hairs  projecting  from 
them.  They  may  cover  a  large  part  of  the  ocular  conjunctiva,  be  markedly 
elevated,  {)igmented,  covered  with  coarse  hair,  and  contain  numerous  sebaceous 
glands.  A  dermoid  growth  sometimes  develops  in  the  conjunctiva  and  pre- 
sents between  globe  and  lid  at  the  up])er  outer  (piadrant  of  the  globe.  It  has 
much  the  appearance  of  a  thickened  nictitating  membrane,  is  flat,  has  a 
rounded  border,  is  pale,  and  often  bears  a  few  very  fine  hairs:  movements 
of  the  eye  downw^ard  and  inward  bring  it  readilv  into  view.  Dermoid 
tumors  may  be  cystic  ;  they  may  also  contain  much  lipomatous  tissue — 
lipomatous  dermoids. 

Vascular  Tumors. —  Telaw/iectatic  tumors  and  cavernomata  are  observed. 
The  former  are  often  associated  M^ith  similar  growths  on  the  lids.  Both  are 
benign,  but  tend  to  increase  in  size. 

Benign  Tumors.— Those  that  are  not  congenital  are  fibroma,  lipoma, 
myxoma,  osteonia,  granuloma,  papilloma,  simple  cystic  tumors,  and  cysts 
due  to  cysticerci  and  echinococci. 
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Fibroinatd  develop  most  frequently  on  the  tarsal  conjunctiva  of  the  upper 
lid  as  a  result  of  a  chronic  conjunctivitis ;  they  are  niultij)le,  flat,  and  elevated 
one  to  two  mi  Hi  meters.  Lipoma  appears  as  a  yellowish  soft  mass,  usually  in 
the  retrotarsal  folds.  3Tyxom((  ai)pears  in  the  form  of  polypoid  masses 
developing  from  the  margin  of  a  wound  or  sinus,  rarely  from  the  conjunctival 
surface  itself.  Osteoma  is  a  flat  tumor  developing  in  the  ocular  conjunctiva. 
Granuloma  develops  from  wounds  and  from  ulcerating  surfaces.  Paj)illoma 
is  most  frequently  met  with  at  the  caruncle  as  a  soft,  villous  mass.  It  may 
appear  on  any  part  of  the  ocular  or  palpebral  conjunctiva,  and  is  often  mis- 
taken for  granulation-tissue.  It  is  very  prone  to  recur  after  removal,  ])ro- 
vided  the  removal  is  not  complete.  There  is  no  tendency  to  the  destruction 
of  tissue,  (h/stic  fainoi-.s  are  observed  near  the  openings  of  the  lachrymal 
ducts,  in  the  retrotarsal  fold,  and  at  the  caruncle.  They  are  often  due  to 
chronic  conjunctivitis.  Ci/sticercus  cysts  are  large,  and  usually  present  a 
white  spot  on  the  outer  wall.  Echinococcus  cysts  may  be  very  large  and 
extend  for  back  into  the  orbit.  Daughter  cysts  and  booklets  may  be  found 
as  part  of  the  contents. 

Treatment. — The  most  satisfactory  treatment  is  excision.  The  vascular 
tumors  should  be  removed  as  early  as  possible— the  cavernomata  especially — 


Fig.  200.— Bacillus  lepra,  seen  in  a  section  through  a  subcutaneous  node  ;  X  500  (Fraenkel  and  Pfeiffer). 

as  thev  may  reach  such  enormous  proportions  if  neglected  that  subsequent 
removal  is  impo.ssible. 

Malignant  Tumors. — Epithelioma  and  sarcoma  are  the  most  common. 
A  peculiar  tumor,  known  as  cylindroma,  has  been  described  by  Hensel  ;  it  is 
probably  a  form  of  sarcoma. 

Epithelioma  of  the  conjunctiva  accompanies  e})ithelioma  of  the  lid, 
although  it  may  develop  sjK)ntaneously  from  any  part  of  the  ocular  conjunc- 
tiva. It  a])})ears  as  a  small  reddish  elevation  which  soon  ])resents  an  irregu- 
lar, grayish,  ulcerated  ]iatch  with  slightly  raised  borders  and  a  congested  base. 

Sarcoma  may  develop  in  the  shape  of  pic/mented  or  non-pif/mcnted  poly- 
poid masses  si)ringing  from  the  retrotarsal  fold  and  growing  rapidly.  It 
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may  also  develop  at  the  limbiis  conjunctivie.  It  appears  in  this  location 
as  \\  small  reel  or  piiriiiented  si)ot ;  it  may  develop  rapidly,  but  may  also 
remain  in  a  (piiet  state  for  a  long  period.  "Metastasis  to  the  cervical  glands 
or  to  remote  parts  of  the  body  may  occur. 

Treatment. — Thorough  reniovalof  all  diseased  tissue  by  knife  or  cautery 
is  the  only  way  to  make  a  favorable  issue  possible. 

lyeprosy  of  the  conjunctiva  occurs  in  connection  with  leprosy  of 
the  general  system  in  nearly  all  cases;  however,  it  may  begin  primarily  in 
the  conjunctiva.  Morrow  '  cites  one  case  in  which  a  leprous  tubercle  ap- 
peared on  the  eye  and  was  mistaken  for  sarcoma.  Cutaneous  tubercles  fol- 
lowed. Xodular  masses  may  form  in  the  conjunctiva  which  may  persist  for 
a  long  time,  and  may  finally  disappear,  leaving  non-vascular  cicatricial  tissue. 
The  i)a('illus  leprje,  to  which  the  disease  is  due,  is  re])resented  in  Fig.  200. 
The  writer  has  observed  a  mild  persistent  irritation  of  the  conjunctiva  accom- 
panying leprosy,  producing  slight  redness  of  the  judpebral  conjunctiva  and 
increased  lachrymation.    Treatment  is  of  little  avail. 

I/Upus  erythematosus  is  mentioned  by  Bowen  ^  as  attacking  the  con- 
junctiva. It  apjK'ars  as  irregular  plaques  which  are  covered  with  small 
punctate  excoriations  or  with  grayish  masses  of  exudation  and  superficial 
cicatrices.  The  condition  is  accompanied  by  lupus  erythematosus  of  the  face. 
The  etiology  is  obscure.  The  disease  progresses  extremely  slowly,  and  is 
accompanied  by  slight  irritation  and  increased  lachrymation.  When  accom- 
panied by  the  same  disease  on  the  face  the  diagnosis  is  easy.  Treatment  is 
of  little  avail. 

Tuberculosis  of  the  Conjunctiva. — This  affection  presents  two  quite 
distinct  clinical  pictures,  which  will  be  considered  separately  : 

First.  When  tuberculosis  of  the  conjunctiva  appears  as  an  extension  from 
adjacent  mucous  or  cutaneous  surfaces  {lupus  vulgaris)  it  ])resents  slightly  ele- 
vated, irregular  patches  having  uneven,  ulcerated  surfaces,  from  which  small 
granulations  project ;  the  patches  may  be  small  or  large,  and  may  appear 

  on  the  ])alpebral  (  where  they  are  most 

frequently  met  with)  or  on  the  ocular 
conjunctiva. 

Patholog-y. — The  tissue  of  the  neo- 
plasm shows  loss  of  epithelium  at  the 
site  of  the  ulcer,  granulation-tissue, 
granular  detritus,  new-formed  connec- 
tive-tissue elements,  giant-cells,  and 
numerous  leukocytes,  which  gradually 
diminish  as  the  normal  tissue  is  en- 
tered. A  few  tuberek'  baciUi  are  found 
in  the  tissue  (see  Fig.  201).  The  in- 
fection is  most  frequently  by  way  of 
the  lachrymal  canals. 

Symptoms. — There     is  slight 
irritation   of  the   eye,  accompanied 
«n,      u    ,      ■„    .  ,^     ,  ,  scantv    muco-purulent  secre- 

FiG.  201.— Tubercle  bacillus  in  sputum  (Fraenkel      .-^  i  •  i    '  ^  -  .     n  '^^ 

and  pfeiffer).  tiou    wJii(;h    may  per.sist  for  mauv 

months.    Enlargement  of  the  preau- 
ricular gland  on  the  affected  side  is  present. 

Diagnosis  and  Prognosis.— The  coexistence  of  hqnis  on  the  nasal 
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iiiiK'ous  moinhraiie  or  on  tlie  iiitegumont  of  face  or  lids,  with  a  history  of 
lono-  (hiration,  is  usually  sufficient.  In  a  large  percentage  of  the  cases  the 
mucous  inemhrane  at  tlie  inner  canthus  will  he  involved  as  a  result  of  the 
continuation  of  the  disease  from  the  lachrymal  passages.  The  condition  may 
be  confounded  with  ei)itheli()ma.  If  doubt  exists,  a  piece  of  the  tissue  may 
be  excised  and  examined  microsciopically,  or  the  iris  of  a  rabbit  may  be  inocu- 
lated with  the  tissue.    The  ])r()gnosis  is  favoi'able  in  nearly  all  cases. 

Treatment. — Excision  of  the  diseased  parts  or  destruction  by  means  of 
the  cautery  is  indicated. 

Secoiid.  When  tuberculosis  of  the  conjunctiva  is  the  result  of  direct 
inoculation  the  earlv  staei:e  is  marked  bv  a  distinct  coueestion  of  tlie  con- 
junctiva  and  the  appearance  of  numerous  small,  discrete,  grayish  nodules  in 
the  ocular  (^r  palpebral  conjunctiva  which  do  not  present  an  ulcerated  sur- 
face. The  fubercle  bacilli  are  commonly  introduced  through  wounds  in 
the  conjunctiva,  made  either  accidentally  or  during  operation  involving  the 
conjunctiva.  The  nodular  masses  present  all  the  characteristics  of  miliary 
tubercles. 

Symptoms. — Marked  irritation  of  the  eye,  redness  of  the  conjunctiva, 
increased  lachrymation,  and  a  nuico-purnlent  secretion  are  present.  The  dis- 
ease advances  quite  rapidly,  pi'oducing  hypertrophy  of  the  conjunctiva  and 
suj)erticial  ulcers.  The  preauricular  and  cervical  glands  on  the  aflPected  side 
enlarge  and  break  down.    Ulceration  of  the  cornea  may  develop. 

Diagnosis  and  Prog-nosis. — Acute  trachoma  and  syphilis  are  the  only 
diseases  with  which  this  form  of  tuberculosis  may  be  confounded.  A  section 
of  a  nodule,  stained  for  tubercle  bacilli  and  examined  microscopically,  will 
settle  the  question  beyond  doubt.  The  disease  runs  a  very  long  and  per- 
sistent course,  and  may  involve  other  parts  of  the  system.  The  eye  may 
be  completely  destroyed. 

Treatment. — It  is  doubtful  if  anything  short  of  early  removal  of  the 
affected  conjunctiva  will  have  any  effect.  After  the  active  enlargement  of  the 
cervical  glands  has  been  established  appropriate  constitutional  treatment,  with 
attention  to  local  svmptoms  as  they  arise,  is  all  that  can  be  done. 

Pemphigus. — Thi<  disease  of  the  conjunctiva  is  characterized  by  the 
ai)i)earance  of  very  ti-ansient  bullje,  followed  by  red,  and  later  by  grayish, 
areas  on  the  conjunctiva  of  the  lids  and  of  the  globe.  As  these  areas  heal 
the  conjunctiva  becomes  atro])hic,  other  patches  appear,  and  further  atrophy 
takes  place ;  soon  meridional  bands  between  lids  and  globe  are  formed,  and 
the  condition  known  as  si/mhlcj)haroii  po.sferiiif<  is  the  result.  The  conjunctival 
surface  becomes  dry  and  shiny,  the  cornea  opaque,  and  vision  is  lost.  The 
■condition  is  very  rare  :  Horner  observed  it  but  3  times  in  70,000  eye  cases. 

Etiology. — Pemphigus  usually  acconqmnies  pemphigu><  vulgaris  or  pem- 
phigus foUaceus,  and  depends  on  a  dyscrasia  of  the  system.  Individuals  of 
nil  ages  are  attacked.  A  history  of  syphilis  was  obtained  in  only  1  of  the  28 
cases  reported  by  Morris  and  Roberts.' 

Pathology. — The  red  raw  surfaces  evidently  follow  destruction  of  the 
upper  layer  of  the  epithelium  due  to  a  ])rocess  which  on  the  skin  would  pro- 
duce blebs.  The  conjunctival  epithelium,  being  thinner  and  much  weaker,  is 
cast  oflT  early.  A  deposit  of  fibrin  soon  forms  over  the  affected  area,  and  the 
grayish  patch  is  the  result.  Sections  of  the  atrophied  conjunctiva  show  cica- 
tricial connective  tissue  containing  a  few  blood-vessels.  The  epithelium  is 
thin  and  irregular. 

Symptoms. — The  progress  of  the  affection  is  extremely  slow  ;  there  is 

'  Brit.  Journ.  of  Dermatol.,  1889,  p.  175. 
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little  secretion.  Witli  tlie  advance  in  the  atropliy  of  the  conjunctiva  dimness 
of  vision  increases.    Both  eyes  are  attacked. 

Prog-nosis. — This  is  very  unfavorable.  The  disease  lasts  for  years,  and 
usually  results  in  loss  of  vision. 

Treatment  is  of  litth-  avail.  Arsenic  may  be  given  internally.  Oint- 
ments and  mucilaginous  remedies  may  be  employed  to  relieve  the  dryness  of 
the  conjunctiva.    Surgical  interference  is  seldom  satisfactory. 

Argyria  Conjunctivae  (Ar(/i/ro.sis). — Long-continued  use  of  nitrate  of 
silver  on  the  c(»njuuctiva,  })articularly  of  a  solutioji  dropped  into  the  eye,  pro- 
diices  a  discoloration  which  affects  the  ocular  and  palpebral  conjunctiva,  most 
marked  in  its  lower  half.  The  color  varies  from  a  light  ochre  hue  to  a  deep 
brown.  In  some  cases  slight  hypertrophy  of  the  conjunctiva,  with  slight 
irritation,  results.  In  one  case  observed  by  the  writer  tlie  hypertro])hied,  non- 
iuHamed  conjunctiva  formed  a  fold  wliicli  j)rojected  into  the  pal})el)ral  fissure. 
At  the  request  of  the  patient  this  fold  was  excised  and  the  condition  corrected. 
The  stain  formed  is  indelible.  A  solution  of  hyposulphit  of  sodium  or  of 
iodid  of  potassium  in  the  strength  of  1  :  10  of  water  has  been  suggested 
for  tiie  removal  of  these  stains. 

Affections  of  the  Caruncle  and  Semilunar  Membrane. — Inflam- 
mation of  (he  caruncic  is  sometimes  observed  as  a  result  of  infection  of  one 
or  more  of  its  sebaceous  glands.  When  this  occurs  the  caruncle  swells, 
becomes  enlarged,  and  is  much  congested.  The  abscess  opens  spontaneously 
or  may  be  opened  with  the  knife  ;  recovery  will  follow. 

The  hairs  of  the  caruncle  may  become  unusually  large  and  numerous 
(tric/iosi.s  carnncufce)  and  produce  more  or  less  irritation.  Epilation,  or  excis- 
ion of  the  hair-bulb  will  give  relief. 

Papilloma,  of  the  caruncle,  and  semilunar  fold  occurs  as  a  pink,  soft,  villous 
mass,  with  numerous  papillae,  which  are  bathed  in  muco-pus.  The  mass 
bleeds  easily  and  tends  to  increase  in  size.  It  is  attended  by  a  slight  sensa- 
tion as  of  a  foreign  body  at  tlie  inner  canthus,  but  gives  little  or  no  pain. 
Pa{)illoma  is  ])rone  to  recur,  and  will  do  so  unless  thoroughly  and  completely 
removed.    The  knife  or  cautery  should  be  employed. 

Congenital  te/angiectasia  of  the  caruncle  has  been  observed. 

The  term  eucanfJii.s  is  ajjplied  to  an  enlargement  of  the  caruncle  and  semi- 
lunar fold  from  any  cause.  Enlargement  of  the  caruncle  accompanies  all 
forms  of  conjunctivitis,  and  subsides  with  the  subsidence  of  the  conjunc- 
tivitis. Cystoid  enlargement  is  at  times  seen.  Adenoma  may  develop. 
Chalky  deposits  may  form  in  the  glands  of  the  caruncle,  which  may  cause 
it  to  become  enlarged.  Carcinoma  and  sarcoma,  {encanthi.s  maligna)  may 
develop  primarily  at  the  caruncle. 

Treatment. — In  the  case  of  tumors  at  the  caruncle  and  semilunar  fold 
early  operative  jirocedure  should  be  resorted  to. 
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Inflammation  of  the  Cornea  {Keratiti><). — The  cornea,  having  no 
vascularization  of  its  own,  depends  for  its  nutritive  supply  on  the  blood- 
vessels of  the  conjunctiva,  sclera,  iris,  and  ciliary  body.  From  this  it 
happens — first,  that  inflammations  of  these  tissues  are  nearly  always  accom- 
panied by  some  change  in  the  nutrition  of  the  cornea;  and,  second,  that 
defective  general  nutrition  is  apt  to  be  felt  early  in  the  cornea  as  a  tissue  far 
from  the  base  of  supplies.  Keratitis,  therefore,  when  not  the  direct  result 
of  a  traumatism,  is  in  the  vast  majority  of  cases  the  expression  of  some 
depressed  general  vitality  or  is  the  effect  or  accompaniment  of  an  inflam- 
mation in  the  adjacent  parts.  A  primai'y  and  isolated  keratitis  is  a  rare  affec- 
tion, though  the  participation  of  other  tissues  may  be  so  slight  as  to  escape 
detection  or  be  veiled  by  the  intensity  of  the  corneal  affection. 

Corneal  inflammations  may  be  studied  clinically  from  the  standpoint  either 
of  their  supposed  etiology  or  by  following  the  anatomical  divisions  of  the 
affected  part.  For  practical  purposes  sometimes  the  one  method  and  some- 
times the  other  has  been  found  the  more  convenient. 

Anatomically,  the  cornea  is  a  direct  continuation  of  other  coats  of  the  eye- 
ball— of  the  conjunctiva,  through  its  epithelial  layer;  of  the  sclera,  through 
the  substantia  propria ;  and  of  the  uveal  tract,  through  the  endothelial  layer 
of  Descemet's  membrane.  The  pathological  importance  of  this  connection 
will  be  a})parent  when  we  come  to  consider  the  various  individual  forms  of 
keratitis. 

Superficial  Keratitis. — ^The  most  common  form  of  this  affection  is  that 
known  us  phlyctemdar  conj wnotivitis,  phlyctenular  he r(ito-conj imctivUis,  or  herpes 
corneee,  but  more  properly  as  strumous  or  scrofulous  ophthalmia,  because  it  is 
usually  limited  to  the  conjunctival  or  epithelial  layer  of  the  cornea,  and  is 
alwavs  associated  with  the  strumous  diathesis  or  some  form  of  defective 
assimilation. 

Etiolog-y. — The  disease  is  confined  almost  entirely  to  childhood.  One 
eye  or  both  may  be  affected  at  the  same  time,  and  a  recurrence  of  the  affec- 
tion from  time  to  time  is  the  rule.  Evidences  of  a  strumous  diathesis  are 
seldom  lacking  in  its  subjects.  There  is  often  swelling  of  the  preauricular 
and  submaxillary  glands ;  the  patients  are  badly  nourished,  even  when  not 
positively  anemic,  and  the  appetite  is  bad  or  capricious.  In  the  worst  cases 
the  scrofulous  cachexia  is  very  pronounced.  Running  from  the  nostrils, 
which  are  clogged  up  with  dried  secretions,  swollen  al^e  nasi,  thick  upper  lip, 
and  excoriated  cheeks  make  the  diagnosis  before  the  eyes  are  inspected. 
Naso-pharyngeal  disease,  inflammatory  or  obstructive,  which  most  frequently 
accompanies  the  affection,  is  the  etiological  factor  in  many  instances.  Phlyc- 
tenular disease  often  follows  in  the  wake  of  measles  and  other  exanthemata. 
It  is  more  aggravated  in  warm  and  moist  weather. 
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Mioro-orjraiiisnis  luive  l)een  tlescribed,  but  their  etiological  relationship 
to  this  disease  has  not  been  established  (eonipare  with  ])age  28()). 

Objective  Symptoms. — The  disease  manifests  itself  by  a  small  yellovy- 
ish-w  hite  elevation  (the  p/ilt/doui/c)  on  the  surface  of  the  cornea,  varying  in 
size  from  1  to  2  or  ;5  nmi.  in  diameter.  It  may  occur  at  any  place  on  the 
corneal  surface,  i>ut  its  usual  seat  is  near  the  scleral  edge,  and  commonly  on 
the  limbus  itself.  It  is  not  uncommon  for  two  or  more  of  these  phlyctenules 
to  appear  at  the  same  time,  and  on  rare  occasit)ns  they  are  so  numerous  as  to 
form  a  circlet  around  the  corneal  base  {iiKuyina/  p/t/i/ctcinilar  Lrratifi.s).  The 
accompanying  injection  of  the  conjunctival  vessels  may  be  very  slight,  and  is 
commoulv  limited  to  a  leash  of  vessels  riuining  up  to  and  ending  in  the  phlyc- 
temde  (Fig.  202). 

On  the  other  hand,  and  especially  when  the  spot  is  fiirther  in  on  the 
corneal  sin-face  and  the  deeper  structures  are  involved,  the  conjunctival  con- 
gestion is  more  general.    Oftentimes  the  accomi)auying  conjunctivitis  assumes 


Fig.  202.— Scrofulous  ophthalmia  (phlyctenula  corneae). 

the  form  of  a  more  or  less  muco-purulent  type.  The  intensity  of  the  accom- 
panying conjunctival  participation,  however,  bears,  as  a  rule,  no  proportion  to 
the  local  lesion  on  the  cornea. 

Subjective  Symptoms. — The  subjective  symptoms  vary  greatly  in  inten- 
sity. In  the  milder  cases  there  is  little  or  no  pain,  and  a  feeling  of  discom- 
fort and  an  inability  to  use  the  eves  as  much  as  customary  are  about  all  that 
is  com])lained  of. 

In  severe  cases,  which  occur  especially  in  children,  the  symptoms  are  of 
the  most  intense  kind.  There  is  a  photophobia  which  makes  the  child  keep  the 
eyes  tightly  shut  {blepharospasm),  and  which  may  persist  for  weeks,  render- 
ing even  forcible  separation  of  the  lids  difficult  (see  also  page  253).  The 
child  seeks  the  darkest  corner  of  the  room,  buries  its  head  deep  in  the  pillow, 
and  violently  resists  every  effort  to  bring  it  into  the  light.  The  lachrymation 
is  pi'ofuse,  and  the  cheeks  are  excoriated  with  the  constant  overflow  of  irri- 
tating tears. 

Between  this  and  the  mildest  form  there  is  every  gradation  ;  moreover, 
the  intensity  of  the  symptoms  does  not  bear  any  proportion  to  the  extent  of 
the  pathological  change.  A  single  phlyctenule  may  be  attended  with  more 
pronounced  subjective  symptoms  than  three  or  four,  and  the  severity  differs 
in  different  attacks  in  the  same  person.  This  can  be  accounted  for  partly,  no 
doubt,  by  the  fact  that  in  the  one  case  the  exudate  presses  on  the  terminal 
filaments  of  the  nerve  distributed  among  the  cells  of  the  epithelial  layer,  caus- 
ing these  intense  reflex  phenomena,  and  in  the  other  it  does  not.  '  Another 
important  factor,  too,  is  the  generally  hyperesthetic  condition  of  the  patient, 
due,  most  likely,  to  defective  nutrition  of  the  nerve-centers. 
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Pathology. — Pathologically,  the  ])hly<;tenule  is  not  a  vesicle  with  fluid 
contents,  as  its  appearance  would  indicate.  Under  the  e])itheliuni  there  is 
found  a  collection  of  small  round  lymphoid  cells,  as  shown  in  Fig.  203. 
The  anterior  epithelial  wall  of  the  phlyctenule  breaks  down;  the  cells  are 
discharged,  leaving  a  small,  mperficial  ulcer  {j)hli/cte7iular  ulcer),  which  is 
generally  rapidly  covered  over  by  a  fresh  layer  of  epithelium,  and  the  dis- 
eased process  is  ended  for  the  time,  usually  leaving  no  trace  unless  the  deeper 


Fig.  203.— Phlyctenule :  b,  Bowman's  layer ;  c,  corneal  substance  ;  d,  Descemet's  membrane  ;  e,  epi- 
thelium :  /",  phlyctenule,  consisting  of  a  deposit  of  round-cells  in  the  epithelial  layer  and  along  the 
course  of  the  nerve:  n,  twig  of  nerve  ending  in  epithelium  (modified  from  Iwanoft'). 

structures  of  the  cornea  are  involved,  when  there  is  likely  to  be  more  or  less 
opacity  remaining  for  a  time  or,  it  may  be,  permanently. 

Diagnosis  and  Prognosis. — Direct  inspection  reveals  the  nature  of  the 
disease.  The  prognosis  depends  on  the  type.  It  is  essentially  a  relapsing 
disease ;  repeated  attacks  may  leave  the  corneal  epithelium,  roughened  and 
scarred,  and  sometimes  covered  with  vessels,  the  so-called  jjhijctermlar  pannus.  ■ 

Treatment. — In  the  treatment  of  the  affection  attention  to  the  general 
condition  is  of  greatest  importance.  A  persistent  and  long-continued  nse  of 
tonics  and  nutrients — among  which  iron  (syrup  of  the  iodid)  and  cod-liver 
oil  are  perhaps  the  best — is  the  first  requisite  as  regards  medication.  But 
most  important  is  the  regulation  of  the  diet  and  habits  of  the  child.  Only 
nutritious  food  should  be  allowed — milk,  meat  (except  pork  and  veal)  in 
moderate  quantity,  vegetables  (exce})t  potatoes  in  excess),  with  abstinence 
from  sweets  and  ])astries.    Good  fruit  may  be  allowed  in  proper  quantities. 

The  child  should  live  out  of  doors  as  much  as  possible  in  spite  of  the 
photophobia,  and  the  function  of  the  skin  should  be  kept  in  pro})er  order  by 
frequent  bathing.  Any  associated  nasal  atfection  should  receive  prompt  and 
thorough  attention,  and  the  naso-lachrymal  passages  should  be  kept  patulous. 

Locally,  in  the  first  or  acute  stage,  atropin  dro])s  (gr.  iv-.^j)  are  to  be 
used,  and  where  there  is  much  photophobia  an  equal  amount  of  muriate  of 
cocain  can  be  added.  A  drop  of  this  solution  is  to  be  put  in  the  eye  three 
times  a  day  or  every  four  hours  according  to  the  intensity  of  the  symptoms. 
The  eye  should  be  bathed  in  water  as  hot  as  can  be  borne  for  five  minutes 
every  four  hours. 

In  the  second  stage,  after  the  rupture  of  the  ])hlyctenule  and  the  process 
of  restoration  has  begun,  the  insufflation  of  finely-powdered  calomel  is  a  time- 
honored  remedy,  as  is  also  Pagenstecher's  salve  (hydrarg,  oxid.  flav.,  gr.  j, 
petrolat.  .^j  or  ij)  put  under  the  eyelid  and  rubbed  over  the  ball.  In  very 
mild  cases,  where  there  is  no  j^hotophobia,  lachrymation,  or  other  sign  of 
irritation,  a  simple  antiseptic  collyrium,  such  as  boric  acid  or  biborate  of 
sodium,  gr.  x  to  .^j,  will  suffice,  with  care  in  the  use  of  the  eyes.  The  eyes 
should  never  be  bandaged,  protection  from  the  excessive  light  being  secured 
by  colored  glasses  or  a  shade. 
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In  the  severest  cases  the  blepharospasm  is  so  intense  as  to  require  especial 
attention.  Wlien  it  has  once  become  a  fixed  habit  it  is  difficult  to  break  up, 
and  its  presence  undoubtedly  prolongs  the  disease.  It  sometimes  yields  to  the 
instillation  of  cocain,  but  in  long-standing  cases  this  will  not  suffice.  In 
these  instances  the  most  efficient  means  is  to  plunge  the  face  in  a  basin  of 
cold  water  and  hold  it  tiiere  a  few  moments.  The  sliock  of  this  violent  pro- 
cedure will  usually  relieve  the  spasm,  and  the  child  will,  on  removal  from  the 
wat(T,  open  its  eyes  widely.  Forcible  dilatation  of  the  eyelids  by  an  eye- 
speculum  for  a  short  period  each  day  has  been  recommended.  The  excoria- 
tions at  the  angles  of  the  lids  no  doubt  keep  up  the  blej)harospasm  through 
reflex  action,  and  should  he  cured  as  promptly  as  possible.  After  the  disease 
has  subsided  any  refractive  error  should  be  corrected,  as  eye-strain  may  excite 
an  attack  in  an  eye  predisposed  to  this  disorder. 

Pannus. — Vascularity  of  the  suj^erficial  layers  of  the  cornea  is  often  an 
accompaniment  of  trachoma  or  of  one  of  its  sequels — cicatricial  entropion  or 
trichiasis. 

When  the  vascularity  and  thickening  accompany  the  first  stages  of  the 
disease,  before  the  period  of  cicatrization  has  arrived,  there  are  grounds  for 
believing  that  the  pannus  is  but  an  expression  of  the  trachomatous  process 
itself — /.  c.  a  true  trachoma  of  the  conjunctival  layer  of  the  cornea — and  not 
a  secondary  effect.    In  such  cases  the  thickening  is  much  greater  than  when 


Fig.  204.— Pannus  (after  Iwanoff ) :  c,  the  cornea;  h,  Bowman'.s  membrane;  a,  thickened  layer  of  epi- 
thelium; d,  blood-vessels;  e,  infiltration  of  round-cells. 

it  is  due  to  mechanical  irritation  by  trichiasis  or  the  rough  cicatricial  con- 
junctiva (see  also  page  291). 

The  denser  forms  of  pannus  have  been  called  pannus  crassus — the  thinner, 
pannus  tenui.'<.  In  paniuis  tenuis  the  blood-vessels  are  confined  to  the  su]>er- 
ficial  layers,  and  tliere  is  not  much  infiltration  or  thickening  of  the  epithelial 
layer ;  but  in  the  denser  form  the  infiltration  may  involve  the  deeper  layers 
of  the  substantia  propria  (Fig.  204).  The  entire  surface  of  the  cornea  may 
be  covered,  and  the  thickening  so  dense  that  the  iris  can  no  longer  be  distin- 
guished. In  the  lighter  forms  only  a  part  of  the  cornea  may  be  involved, 
and  in  that  case  it  is  usually  the  ujiper  portion. 

It  is  seldom  that  a  case  of  pannus  runs  its  course  without  more  or  less  loss 
of  tissue,  or  ulceration.  Occasionally,  however,  the  pathological  condition  is 
one  only  of  hypernutrition,  characterized  by  the  formation  of  new  blood- 
vessels and  connective  tissue,  and  if  there  is  no  destruction  of  the  substiintia 
propria,  the  jirocess  may  end  with  a  complete  absorption  of  the  foreign  mate- 
rial, leaving  the  cornea  quite  clear. 

Treatment. — As  the  condition  is  usually  secondary  to  some  other  patho- 
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logical  process — trachoma,  trichiasis,  etc. — the  treatment  must  be  mainly- 
directed  against  these  affections.  The  existence  of  a  pannus  is  no  bar  to 
the  prompt  and  energetic  treatment  of  these  conditions ;  on  the  contrary,  it 
improves  pari  passu  with  the  amelioration  of  the  original  cause.  Atroj)in, 
with  cocain  sometimes  added  (atrop.  snlph.  cocain.  mur.,  dd.  gr.  iv-.sj),  and 
hot  applications  are  the  remedies  proper  to  the  relief  of  the  symptoms  of 
pain  and  photophobia,  of  which  the  corneal  trouble  is  the  immediate 
cause. 

When  the  vascularization  and  opacity  persist  in  any  degree  after  the 
removal  of  the  original  cause,  remedial  measures  addressed  to  the  condition 
itself  become  necessary.  These  consist  in  diminishing,  or  in  some  manner 
<!utting  off,  the  blood-supply  to  the  newly-formed  tissue  in  the  cornea  or 
assisting  in  its  absorption  by  the  natural  ])rocesses.  The  former  may  be 
accomplished  directly  by  dissecting  a  narrow  band  of  conjunctival  tissue, 
2  mm.  wide,  from  around  the  base  of  the  cornea  (peritomy),  or,  as  has 
been  suggested,  by  cauterizing  the  tissues  deeply  ^vith  the  actual  or  galvano- 
cautery. 

The  production  of  a  violent  inflammation  of  the  conjunctiva  by  means 
of  an  infusion  of  or  the  powder  of  the  jcqiiir it i/  bean  had  at  one  time  quite  a 
vogue  in  the  treatment  of  pannus,  but  some  unfortunate  cases  of  total  destruc- 
tion of  the  cornea  from  its  excessive  action  have  caused  it  to  fall  into  disuse 
except  among  a  very  few  surgeons.  The  same  may  be  said  of  inoculations 
with  gonorrheal  matter,  which  at  one  time  were  used,  particularly  in  Belgium. 

Caretfinr/  the  surface  of  the  cornea,  especially  in  the  earlier  stages  and 
before  entropion  or  trichiasis  has  set  in,  can  be  practised  with  great  benefit. 
For  the  less  serious  cases  the  ointment  of  the  yellow  amorphous  oxid  of 
mercury  (gr.  j-3ij),  rubbed  under  the  lids  once  or  twice  a  day,  assists  in 
the  process  of  absorption.  For  the  same  purpose  insufflation  of  finely- 
powdered  calomel  is  a  remedy  of  old  and  established  value. 

Resorption  or  Transparent  Ulcer  of  the  Cornea. — A  loss  of  tissue 
on  the  corneal  surface,  usually  not  very  deep  nor  extensive,  and  not  associated 
with  any  opacity  of  the  corneal  substance,  is  known  as  a  "  resorption  ulcer." 

The  distinguishing  characteristics  are  its  transparency  and  the  smoothness 
of  its  surface,  which  is  covered  by  normal  epithelium. 

The  usual  seat  of  the  ulcer  is  near  the  center  of  the  (^ornea.  There  is 
commonly  but  little  lachrymation  or  ])hotophobia,  and  there  is  scarcely  any 
increased  vascularization  of  the  conjimctiva.  An  ulcer  of  this  character  is 
most  common  among  the  old  and  enfeebled,  and  is  usually  slow  in  healing. 
A  slight  traumatism  is  most  probably  the  originating  cause. 

The  ulcer  usually  heals  without  other  interference  than  protection — with 
atropin  and  hot  applications  when  the  subjective  sym])toius  are  more  pro- 
nounced than  usual.  In  the  chronic  cases  eserin  has  been  found  useful. 
The  lesion  may  become  converted  into  a  true  ulcer,  with  a  tendency  to 
spread  through  necrosis  of  the  tissue. 

When  situated  over  the  pupil  a  transparent  ulcer  gives  rise  to  great  dis- 
turbance of  vision,  quite  as  much  so  as  an  o})acity  of  the  same  size,  on  account 
of  the  diffraction  and  diffusion  of  light  through  its  irregular  surface. 

Herpes  Cornese  ( Vesieular  Kcrdfif  is). — In  those  cases  of  herpcf^  fron- 
talis where  the  nasal  twig  of  the  fifth  ]mir  is  affected  and  a  vesicle  is  formed 
along  the  side  of  the  nose,  it  is  rare  to  have  the  cornea  unaffected. 

A  vesicle  containing  a  clear  fluid  forms  on  the  surface  of  the  cornea, 
ruptures  early,  and  leaves  a  superficial  ulcer  or  epithelial  d(>nu(lation,  with 
infiltration  and  opacity  of  the  surrounding  parts.    It  is  accompanied  with 
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much  pain  of  ii  neuralgic  cliaraoter,  photopliobia,  and  lacliryniation.  Occa- 
sionally, however,  these  violent  synii)t()nis  are  absent.  The  cornea  itself  is 
usually  more  or  less  anesthetic  to  touch,  and  the  tension  of  the  eyeball  is 
diminished. 

The  vesicle  differs  from  a  ])hlyctenule  of  scrofulous  conjunctivitis,  with 
which  it  is  sometimes  confounded  on  account  of  the  name  herpes  conjunctivae 
by  which  the  latter  M-as  formerly  known,  in  that  it  is  larger  and  its  contents 
are  fluid.  Some  opacitv  of  the  cornea  nearly  always  remains  (see  also  page 
287). 

Treatment. — The  treatment  is  palliative — atropin  alone  or  combined 
with  cocain,  hot  a})})lications,  and  an  anodyne  internally  when  the  ])ain  is 
exhausting.  The  general  condition  usually  requires  tonics  and  a  sustaining 
nourishment.  The  author  has  found  the  salicylate  of  sodium  in  lai'ge  doses 
useful  in  controlling  pain  and  mitigating  tlie  severity  of  the  disease.  It  has 
been  suggested  to  scrape  the  ulcers  and  cauterize  them,  but  unless  they  show 
a  marked  tendency  to  spread  this  course  is  not  advisable. 

Vesicles  on  the  cornea  have  sometimes  been  found  associated  with  herpes 
labialis  or  /(asa^/s,  especially  in  children,  to  which  the  name  herpes  febriliH  has 
been  given.  The  symptoms  exhibit  less  intensity  than  those  just  described  ; 
there  is  little  or  no  anesthesia  of  the  cornea,  and  the  globe-tension  is  not 
changed.  These  vesicles  have  been  seen  during  malarial  fevers.  They  all, 
however,  seem  to  de])end  on  some  derangement  of  the  central  nervous  system. 

Dendritic  Keratitis. — This  name  has  been  given  to  a  species  of  super- 
ficial keratitis  of  a  peculiar  arborescent  form  (Fig.  205). 


Fig.  205.— Dendriti form  ke'rntilis  (after  Galenga) :  a,  first  stuKc;  b,  seventeen  days  after. 

It  begins  as  a  small  vesicle,  and  continues  its  growth  by  a  series  of  newly- 
formed  contiguous  vesicles  which  break  down  into  small  ulcers,  forming  irreg- 
ular lines  which  give  the  distinctive  name  to  the  disease  (Galenga,  Horner). 

Etiology. — Some  authors  regard  the  affection  as  mycotic,  and  no  doubt 
micro-organisms  are  found  in  it,  l)ut  none  that  are  peculiar  to  it.  It  has  been 
found  associated  with  malaria  (Kipp  and  others),  and  syphilis  has  been  assigned 
as  a  canse  by  some  w^riters.  It  seems  most  probable  that  the  disease  is  the 
expression  of  a  dyscrasia  of  some  kind. 

The  ulceration  occupies  by  ])reference  the  central  jiortion  of  the  cornea. 
The  cours(>  of  the  disease  is  usually  slow,  and  though,  for  the  most  part,  not 
very  annoying,  is  occasionally  very  ])ainful  and  associated  with  severe  su])ra- 
orl)ital  neuralgia  and  tenderness,  depending  on  the  depth  of  the  ulceration 
and  the  amount  of  involvement  of  the  terminal  filaments  of  the  nerves. 

Treatment. — This  consists  in  rest,  protective  spectacles,  atro])in,  and  hot 
ap])lications.  Should  there  be  a  marked  tendency  to  spread  or  an  obstinacy 
in  healing  under  the  nl)Ove  treatment,  the  nicer  should  be  scraped  and  1  :  60 
formalin  solution  a))])lied,  or  in  severe  cases  the  actual  cautery.  Quinin  and 
arsenic  internally  are  useful.  Galvanism  along  the  supraorbital  nerve  has 
been  suggested. 
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Filamentous  Keratitis. — On  rare  occasions,  after  rupture  of  corneal 
vesicdes,  a  rope-like  body  is  seen  attached  to  the  sur- 
face of  the  ulcer,  its  free  end  being  frayed  (Fig.  206). 
This  is  the  jilamentoufi  keratitis  of  Leber  and  Nuel. 
It  consists  of  epithelial  cells  and  coagulated  fibrin 
twisted  into  the  form  of  a  cord. 

Superficial  Punctate  Keratitis. — Under  the 
head  of  su])erficial  keratitis  nuist  also  be  admitted  a 
form  of  corneal  inflammation  called  by  Fuchs  keratitis 
punctata  superjicialis  (Syns.:  Keratitis  subepit/ie/ia/is 
centralis;  Keratitis  maculosa  ;  Noduli  cornece  ;  Relaps- 
ing herpes  cornece). 

The  alterations  in  the  cornea  consist  of  small  gray 
dots  arranged  in  groups  or  short  rows  in  the  super- 
ficial layers,  mostly  near  the  center.  The  disease 
begins  with  a  rather  ])ronounced  catarrhal  conjunctivitis,  and  is  usually  asso- 
ciated with  catarrhal  disease  of  the  respiratory  tract.  The  dots  remain  some- 
times for  weeks.  Stellwag  has  described  a  similar  affection,  the  foci  of  larger 
size  being  found  in  the  periphery  of  the  cornea.  There  is  much  pain,  and 
iritis  may  develop  (tunniiiular  keratitis). 

Treatment. — Hot  applications,  atropin,  and  protection  of  the  eye  with 
dark  glasses. 

Fascicular  Keratitis  (Keratitis  in  Bandelette). — This  affection,  which 
bears  a  resemblance  to  the  phlyctenular  form  of  keratitis,  and  of  which  it 
may  be  a  modified  form,  is  cliaracterized  by  a  band  or  leasli  of  vessels,  with 
a  narrow  border  of  opaque  corneal  tissue,  which  traverses  the  surface  of  the 
cornea  to  end  near  the  center  in  a  small  round  whitish-yellow  head  (Fig.  207). 


Fig.  206.— Filamentous  kera- 
titis (after  Panas). 


Fig.  207.— P'ascicular  keratitis. 

On  di.sappearance  of  the  vessels  a  more  or  less  opaque  band  or  streak  is 
usually  left  on  the  cornea.  More  than  one  of  these  bands  may  appear  at  the 
same  time  or  develop  consecutively.  The  treatment  is  the  same  as  that  suited 
to  keratitis  in  general. 

Bullous  Keratitis. — In  eyes  whose  nutrition  has  been  seriously  inter- 
fered with,  as  it  is  likely  to  he  in  glaucoma,  irido-cyclitis,  or  choroiditis,  an 
extensive  elevation  of  the  epithelium  is  sometimes  observed  at  or  near  the 
center  of  the  cornea.  The  bleb,  thus  formed,  is  usually  partially  filled  with  a 
clear  fluid  which  gravitates  to  the  bottom,  giving  it  a  baggy  appearance.  The 
same  phenomenon  has  also  been  observed  a  few  times  in  eyes  that  are  not  thus 
disorganized.  There  is  slight  pericorneal  injection,  but  the  pain  is  usually 
quite  severe  and  of  a  more  or  less  intermittent  character.  The  anterior  layers 
of  the  cornea  are  seldom  exempt  from  implication. 

The  disease  seems  to  be  purely  local  in  character,  not  depending  upon  the 
general  condition,  as  does,  for  instance,  vesicular  keratitis. 

A  recurrent  form  following  injuries  has  been  noted  by  Hansen  Grut. 
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Fuchs  and  some  others  seem  to  think  that  the  elevation  of  the  epithelium  is 
flue  to  an  obstruction  in  the  lymph-eircuhition. 

Treatment. — The  disease'is  to  be  treated  l)y  instillations  of  atropin,  except 
where  olaucoma  is  present  or  feared,  when  eserin  to  \  gr.-5j)  can  be  used 
instead,  and  by  liot  api)lications  for  tlie  mitig;ation  of  pain,  uitli  an  opiate  or 
other  anodyne  if  it  does  not  yiekl  to  these  mild  measures.  Should  an  ulcer 
form  witli  a  tendency  to  spread,  it  can  be  toucl^ed  with  formalin,  1  : 60,  or 
with  the  actual  cautery.  In  the  milder  forms  insufflations  of  iodoform  act 
with  good  effect  on  the  ulcer  and  the  pain.  Cocain  can  be  used  in  mode- 
ration.   A  protective  bandage  is  usually  beneficial. 

Suppurative  Inflammations  of  the  Cornea  or  Suppurative  Kera- 
titis.— Purulent  inflammations  of  the  cornea  form  the  most  important  cate- 
gory of  its  diseases,  because  of  their  innnediate  and  remote  dangers. 

8uj)puration  of  the  corneal  tissue  is  always  followed  by  ulceration  or 
destruction  of  the  substance,  leaving  invariably  an  oi)aque  cicatrix  as  a  sequel, 
thus  annulling  one  of  its  most  necessary  qualities — its  transparency. 

These  inflammations  may  not  only  eventuate  in  a  total  destruction  of  the 
cornea  itself,  but  on  occasion  lead  to  an  involvement  of  the  whole  eyeball, 
ending  in  its  disorganization.  They  demand  our  most  earnest  attention,  more- 
over, from  the  fact  that  they  are  truly  infectious  in  their  nature,  and  are, 
thus  far,  to  be  classed  among  the  preventable  diseases, 

Etiology  and  Pathology. — We  know,  since  the  great  work  of  Leber,'  that 
for  the  genuine  infecting  process  we  must  have  a  micro-organism,  and  that 
usually  it  is  introduced  from  without.  For  this  reason  these  infectious  affec- 
tions of  the  cornea  are  common  among  those  working  out  of  doors  and  in  the 
dust,  as  laborers,  harvesters,  etc.  But  not  only  nmst  we  have  the  organism, 
but  also  the  soil  made  ready  for  the  seed,  and  the  tissue  must  be  in  a  con- 
dition to  serve  as  a  proper  nidus  for  the  growth  and  development  of  the 
particular  micro-organism  ])resent. 

Few  organisms  are  able  to  obtain  a  foothold  upon  a  perfectly  healthy 
tissue,  with  the  power  to  throw  out  white  blood-corpuscles  to  act  as  phagocytes. 
The  woiuided  normal  corneal  tissue  always  heals  without  su])])uration  when 
free  from  any  infecting  organism.  The  epithelium  of  the  cornea,  when 
intact,  interposes  an  almost  insuperable  barrier  to  the  entrance  of  germs,  and 
when  we  find  an  infection  we  may  be  almost  certain  that  a  destruction  of 
epithelium  has  ]n'eceded  it.  The  important  practical  lesson  to  be  learned 
from  this  is,  that  with  pro]ier  precaution  and  early  attention  manv,  if  not 
most,  of  these  destructive  sup])urations  can  be  avoided. 

All  injuries  and  wounds  to  the  cornea  should  be  promptly  treated  by 
disinfection,  or  at  least  by  thorough  and  frequent  cleansing  with  an  asep- 
tic liquid,  as  boric  acid  or  mild  bichlorid  or  weak  formalin  solutions. 
Bandaging  the  eye  closely  under  these  conditions  is  of  doubtful  wisdom. 
The  heat  of  the  bandage  hastens  the  development  of  what  germs  may  yet 
remain  in  the  conjunctival  sac  or  on  the  lid-margins.  An  absolute  disin- 
fection of  these  parts  has  not  yet  been  found  possible  by  any  safe  procedure. 

For  clinical  pnr]K)ses  suppin\ntive  diseases  of  the  cornea  can  be  considered 
under  several  heads,  based  on  their  etiology,  course,  particular  comjdications, 
and  special  features  ;  but  the  general  characteristics  are  the  same  in  all,  and 
all  begin  in  essentially  the  same  manner. 

There  is  first  noted  at  the  place  of  infection  an  infiltration  of  a  ])early- 
gray  color  which  rapidly  turns  to  a  creamy  yellow.  This  infiltration  spreads 
to  a  greater  or  less  extent,  remaining  circumscribed  only  in  a  genuine  "ab- 

'  Die  Entstehuny  der  Entzundung,  Leipzig,  1891. 
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:scess."  In  the  eroding  or  serpiginous  forms  this  extension  is  sometimes  very 
rapid.  On  tiie  other  Imnd,  it  may  be  slow,  but  steadv  in  its  progress.  The  |mrt 
of  the  cornea  affected  loses  its  vitality,  slonglis  off,  and  an  ulcer  is  formed. 
This  destructive  action  of  the  micro-organism  is  arrested,  it  is  claimed,  by 
tlie  piiagocytic  power  of  the  white  blood-corpuscles.  A  limit  is  thus  set  to 
the  invasion  t)f  sound  tissue,  and  the  healing  begins  by  the  re-formation  of 
epitiielium  at  the  edge  of  the  ulcer.  The  process  of  repai'ation  goes  on,  when 
tiie  loss  of  tissue  is  not  extensive,  to  a  com})lete  restoration  of  the  original 
form,  but  usually  with  a  substance  not  of  the  nature  of  the  true  corneal 
tissue.  It  is  cicatricial  in  character,  and  not  transparent,  except  perhaps  in 
those  cases  where  the  destruction  is  very  limited  in  extent.  The  membrane 
of  Bowman  is  never  re-formed  when  it  is  once  destroyed,  but  the  epithelium 
is  very  readily  re-established.  While  the  pathological  })rocesses  in  all  cases 
of  suppuration  are  essentially  those  just  recited,  for  the  purposes  of  clinical 
study  and  treatment  they  iiave  been  classified  under  several  distinct  varieties. 

Abscess  of  the  Cornea. — This  is  a  simple  circumscribed  collection  of 
])us  in  the  corneal  substance,  usually  some  distance  from  the  scleral  edges. 

It  is  most  commoidy  seen  as  a  sequel  or  continuation  of  a  phlyctenule 
on  the  surface,  tiie  throwing  off  of  the  epithelium  opening  up  the  way  to  an 
infection  of  the  deeper  parts.  The  subjective  symptorm  are  the  same  as  in 
other  forms  of  keratitis.  It  terminates  by  a  breaking  down  of  its  anterior 
wall  and  a  discharge  of  its  contents,  becoming  thereby  an  ojjen  ulcer,  which 
under  favorable  circumstances  heals  in  a  few  days,  and,  if  the  loss  of  tissue  is 
not  great,  leaving  little  opacity.  It  may  be  induced  by  any  other  means  that 
destroy  the  epithelial  layer,  such  as  small  wounds,  foreign  bodies,  etc.  The 
so-called  ring  absce.s.s,  where  the  suppuration  extends  around  the  base  of  the 
cornea,  is  seen  mostly  after  cataract  operations. 

Treatment. — The  proper  treatment  is  hot  applications,  atropin  solution 
(gr.  iv— 5)),  a  droj)  three  times  a  day,  with  rest  and  protection  of  the  eyes. 
A  spontaneous  rupture  is  usually  allowed.  When  the  ulcer  is  formed  its  heal- 
ing is  expedited  by  aseptic  applications  of  weak  formalin  solution,  1  :  2000,  or 
boric-acid  solution,  or  other  means  to  be  mentioned  in  succeeding  paragraphs. 

Ulceration  of  the  cornea,  or  destruction  of  the  corneal  substance,  is 
the  essential  feature  of  all  forms  of  .suppurative  keratitia. 

Varieties. — The  forms  of  corneal  ulceration,  from  a  clinical  standpoint, 
depend  uj)on  its  seat,  its  cause,  its  course,  and  its  association  with  other 
])athological  conditions.  Thus  we  have  the  sthenic  and  asthenic  ulceration, 
according  as  the  accompanying  vascularization  and  other  symptoms  of  irri- 
tation are  considerable  or  mild ;  marginal  ulceration,  when  it  is  seated  near 
the  margin  of  the  cornea  ;  serpiginous  ulceration,  when  it  creeps  over  the  sur- 
face of  the  cornea,  invading  successively  the  adjoining  areas;  keratitis  with 
hypopyon,  when  associatoKl  with  the  presence  of  j)us  in  the  anterior  chamber; 
and  other  distinctive  titles.  Moreover,  all  these  varieties,  or  any  number  of 
them,  may  be  only  different  or  successive  phases  of  the  same  attack.  In  all, 
the  essential  clinical  features  are  the  same,  modified,  however,  by  the  par- 
ticular circumstances  of  individual  cases. 

Under  this  head  may  be  mentioned  a  rare  form  of  chronic  creeping  ulcer, 
which  begins  near  the  margin  of  the  cornea  and  progresses  in  a  crescentic 
form  without  any  pronounced  suppuration  or  hyj)opyon,  never  leading  to 
perforation,  but  followed  by  dense  cicatricial  opacities.  To  this  the  name 
rodent  ulcer  has  been  given. 

A  form  of  spreading  keratitis  is  observed  very  often  in  those  engaged  in 
shucking  oysters — the  so-called  oyster-shucker\s  keratitis.    It  was  thought  to 
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be  a  purely  infectious  disease  until  Randolph  of  Baltimore  demonstrated 
that  it  was' not,  but  a  mechanical  keratitis  caused  hv  the  fine  particles  of 
lime  of  the  oyster-shell.  The  harvester's  keratitis  is  probably  first  mechanical 
and  afterward  microbic. 

Etiology. — The  inunediate  causes  of  destructive  ulcers  of  the  cornea  are 
usually  iufecting  wounds  or  injuries  of  some  kind,  including  operations,  such 
as  cataract  extraction,  iridectomy,  and  other  operations  involving  the  cornea. 
Anything  that  destroys  the  epithelium  opens  uj)  the  way  to  the  entrance  of 
infecting  micro-organisms.  Tiiese  germs  may  be  introduced  at  the  time  of 
injury  or  they  may  enter  later.  Two  factors  are  necessary  for  development 
of  the  process — the  germ  and  the  soil.  As  there  are  always  germs  in  the  con- 
junctival sac,  or  as  they  can  easily  get  entrance  there,  some  of  which  may  be 
pyogenic,  any  injury  of  the  cornea  is  liable  to  take  on  an  ulcerative  action  if 
the  tissue  is  in  a  condition  of  non-resistance,  as,  for  instance,  in  the  case  of 
weak,  poorly-nourished  people.  The  progress  of  the  ulceration  may  be  very 
brief,  the  reparative  ])rocess  setting  in  in  a  few  days,  or  it  may  continue  for 
weeks  without  showing  any  tendency  to  heal,  or  may  extend  itself  slowly, 
but  persistently,  into  the  sound  tissue. 

The  germs  most  commonly  found  as  the  active  agents  primary  in  corneal 
ulcerations  are  the  usual  })yogenic  forms — principally  fitapJu/lococcus  and 
streptococcus  (see  Figs.  192  and  197) — but  Uhthoff,  Axenfeld,  and  others  have 
recently  (1<S96)  found  the  pncumococcm  in  great  abundance  in  serpent  ulcers 
(Plate  2,  Fig.  IV.),  and  Leber  has  found  a  form  of  aspergillas  in  some  cases. 
Probably  the  most  frequent  cause  of  large  destruction  of  the  cornea  is  the 
gonoeoccus  of  Neisser  found  in  purulent  ophthalmia  of  gonorrheal  origin  (see 
article  on  the  Conjunctiva). 

Symptoms  and.  Course. — An  ulcer  begins  Avith  a  focus  of  infection, 
noticeable  as  a  superficial  defect  with  ragged  edges  of  a  yellow  color  and  sur- 
rounded by  a  zone  of  infiltrated  cornea.  Its  sides  and  bottom  are  covered  by 
a  detritus  of  dead  corneal  tissue,  having  a  yellow  pultaceous  appearance.  The 
accom])ar.ying  vascularization  of  the  conjunctiva  varies  greatly.  In  some 
instances  it  is  pronounced,  the  swelling  of  the  tissue  around  the  base  of  the 
cornea  in  the  vicinity  of  the  ulcer  being  very  marked. 

There  are  at  times  great  photoj^hobia  and  much  lachrymation  and  pain,^ 
which,  however,  in  the  indolent  forms  may  be  lacking  almost  entirely. 

In  the  serpiginous  form  the  ulceration  s})reads  gradually  over  the  surface, 
and  usually  Avith  increasing  depth.  Then  some  time  during  its  course  there 
is  an  a))pearance  of  pus  in  the  bottom  of  the  anterior  chamber — hjipopyon 
(Fig.  208).  This  may  occur  -while  the  ulcer  is  still  central  and  there  is  yet 
clear  cornea  between  it  and  the  scleral  margin.  It  was  held  at  one  time  that 
it  was  necessary  to  have  a  perforation  of  the  posterior  wall  of  the  ulcer 

through  the  membrane  of  Descemet  in  order  that 
])us  might  find  its  way  into  the  anterior  chamber. 
The  researches  of  Leber  have  shown,  however,  that 
the  pus-cells  may  gravitate  down  through  the 
sound  corneal  tissue  and  pass  into  the  anterior 
chamber  at  the  iris  angle,  or  they  may  originate 
at  this  point  from  a  participation  of  the  uveal  tract 
in  the  inflammatory  process.  In  certain  cases  no 
doubt  there  is  a  small  perforation  of  Descemet's 
membrane. 

The  destruction  of  tissue  may  be  verv  exten- 
sive, covering  the  entire  anterior  surface,  leaving  the  posterior  layers  and 


Fig.  208.— Large  serpiginous 
ulcer  with  hypopyon. 
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the  membrane  of  Descemet  intact  ;  in  which  case  tliere  will  be  no  jierfora- 
tion.  In  most  cases,  however,  this  is  the  event,  and  we  have  as  a  conse- 
quence a  new  set  of  phenomena  and  complications. 

With  the  opening  of  the  anterior  chamber  the  aqueous  humor  escapes ; 
tlie  iris  falls  forward  against  the  posterior  wall  of  the  cornea,  plugs  up  the 
opening,  and  in  course  of  tiuie  may  become  united  to  it  by  adhesive  inflam- 
mation (anterior  synechia).  The  anterior  chamber  then  refills,  leaving  this 
portion  of  the  iris  in  front  of  the  mass  of  aqueous  humor.  If  the  0})ening 
is  large  enough,  the  pressure  from  behind  is  sufficient  to  push  the  iris  through 
the  opening  and  form  a  bag  of  greater  or  less  size  in  the  site  of  the  ulcer.  We 
then  have  perforation  with  prolapse  of  the  iris. 

It  may  happen  that  the  pyogenic  germs  entering  the  anterior  chamber 
find  a  suitable  nidus  for  their  development  in  the  iris,  ciliary  body,  and 
choroid,  and,  setting  up  a  purulent  inflammation  in  these  tissues,  bring  about 
the  condition  of  panop/ithalinitis,  leading  to  final  atrophy  of  the  eyeball.  There 
is  no  case  of  hy])opyon  probably  in  which  the  iris  is  not  more  or  less  affected. 

Prognosis. — From  what  has  been  said  it  may  be  inferred  that  the  prog- 
nosis depends  u])on  the  activity  of  the  morbific  agent  and  the  ability  of  the 
tissues  to  resist  its  encroachment.  In  the  old  and  feeble  it  is  much  more 
serious  than  in  the  young  and  strong. 

Treatment. — Suj)purative  keratitis  being  an  infectious  disease,  the  treat- 
ment should  be  both  preventive  and  therapeutic.  Every  injury  of  the 
cornea  should  be  considered  as  if  it  were  infected.  The  conjunctival  sac 
should  be  thoroughly  cleansed  with  an  aseptic  liquid,  as  a  saturated  boric-acid 
solution  or  formalin  1  :  2000,  and  kept  as  aseptic  as  possible.  The  seat  of 
injury  itself  should  be  touched  with  a  1  :  60  formalin  solution,  or  nitrate  of 
silver  (gr.  xx-.^j),  or  tincture  of  iodin,  when  there  is  strong  suspicion  of  infec- 
tion, and,  where  it  is  reasonably  certain,  with  the  actual  cautery.  The  treat- 
ment of  the  ulcer  when  it  has  declared  itself  should  be  antiseptic  and 
palliative.  The  surface  of  the  ulcer  should  be  touched  with  a  1  :  60  formalin 
solution  once  a  day  so  long  as  there  seems  to  be  any  tendency  to  spread. 
Formerlv  the  author  was  accustomed  to  use  full-streng-th  carbolic  acid  for  this 
purpose  with  good  effect.  Mules  recommends  iodoform  applied  on  a  wafer  of 
gelatin  directly  to  the  ulcer,  bandaging  the  eye  to  keep  it  in  ]ilace.  The  iodo- 
form may  be  dusted  directly  on  the  ulcer,  but  this  is  less  efficacious.  When 
the  serjn'ginous  character  becomes  ])ronounced,  the  actual  cautery  applied  to 
the  edges  and  bottom  of  the  ulcer  becomes  necessary.  This  must  be  done  under 
cocain.  It  is  well  to  scrape  away  as  much  dead  tissue  as  possible  with  a  sharp 
spoon  before  a))})lying  either  the  cautery  or  the  formalin  caustic  solution. 
Tincture  of  iodin  and  nitrate  of  silver  (gr.  xx-f.^j)  are  also  apjilicd  to  the 
curetted  area.  The  cauterization  may  be  repeated  every  two  or  three  days, 
according  to  the  urgency  of  the  symptoms.  Curetting  of  the  ulcer  while  a 
fine  spray  of  a  2  per  cent,  solution  of  boric  acid  is  directed  against  its  surface 
has  been  recommended.  Siimisch  recommended  an  incision  into  the  anterior 
chamber  through  the  sides  and  bottom  of  the  ulcer  in  the  serpiginous  form,  and 
this  operation  is  still  performed  by  many  surgeons.  Its  ])erformance  before  a 
hypopyon  is  formed  is  in  the  majority  of  cases  not  advisable,  since  it  makes  easy 
the  entrance  of  germs  into  the  interior  of  the  eye.  In  cases  of  hypopyon  this 
objection  does  not  hold  to  the  same  extent.  It  is  often  necessary  to  let  out 
the  pus  when  present  in  large  quantity,  and  in  these  cases  the  incision  should 
be  made  as  low  down  as  possible  (see  also  p.  567). 

Quite  recently  the  subGonfunctival  injections  of  bichlorid  of  mercury  have 
had  many  advocates.    A  few  drops  of  1  :  2000  solution  are  injected  under 
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the  conjunctiva  once  a  day  or  every  otlior  day.  The  operation  is  generally 
very  painful,  even  under  cocain.  Others  have  found  the  injection  of  a 
normal  salt  solution  quite  as  elective.  As  palliatives  atropin  and  cocain 
are  the  main  reliance.  The  latter  should  be  used  only  for  the  temporary 
relief  of  pain  and  the  low  crinti-  of  intraocular  tension.  Eserin  in  weak  solu- 
tion to  ^  gr.  ad  5j)  is  used  for  the  same  purpose  if  iritis  is  not  a  com- 
plication. 

As  a  palliative  and  curative  agent  heat  is  most  valuable.  As  the  morbific 
])rocess  is  to  be  stopju'd,  or  at  least  retarded,  by  the  ])hagocytic  action  of  the 
white  blood-corpuscles,  a  determination  of  fresh  blood  to  the  part,  with  dila- 
tation of  the  vessels,  is  all  important.  Heat  accom])lishes  this,  and  the  best 
form  of  ap})licati()n  is  fomentation  with  water  as  hot  as  it  can  be  borne  for 
five  minutes  every  three  or  four  hours.  The  immersion  of  the  eye  in  a  goblet 
or  glass  of  hot  water,  as  recommended  by  Leartus  Conner  of  Detroit,  is  an 
elegant  and  most  efficient  way  of  administering  heat. 

The  eye  should  not  be  bandaged,  except  when  the  ulcer  is  very  deep  and 
there  is  danger  of  spontaneous  rupture,  under  which  circumstances  the  dry 
untiseptic  pressure  bandage  is  effective. 

In  cases  of  perforation  the  management  is  little  different,  except  as  to  the 
treatment  of  the  jjrofapsc  of  the  iris.  When  the  prolapse  is  not  large  and  is 
situated  })eripherally,  and  does  not  involve  the  sj)hincter,  eserin  should  be  sub- 
stituted for  atropin.  Its  myotic  action  tends  to  draw  the  iris  out  of  the 
wound,  and  often  quite  successfully.  If  the  condition  of  the  conjunctiva 
warrants  it,  a  pressure  bandage  aids  in  reducing  a  hernia  of  the  iris.  The 
prolapsed  iris  should  not  be  excised  or  ])unctured,  certainly  not  until  the  sup- 
purative process  has  ended,  and  then  only  under  strictest  asepsis.  Even  very 
large  prolapses  smoothe  down  in  time. 

Careful  attention  must  be  paid  to  the  general  condition  of  the  patient, 
particularly  in  the  old  and  feeble.  Tonics,  and  even  stimulants,  with  the 
most  nutritious  diet,  are  indicated. 

There  are  two  forms  of  secondary  purulent  keratitis  which  require  a  brief 
separate  mention  : 

(1)  Ulcerations  following  Purulent  Conjunctivitis. — Under  these 
circumstances  the  two  most  })otent  factors  are  united  in  the  development  of  the 
disease  in  its  most  destructive  form — namely,  the  presence  of  an  infecting  germ 
and  a  denuded  and  macerated  condition  of  the  epithelium,  with  diminished 
nutrition  of  the  cornea  from  the  pressure  of  the  chemosis  on  the  surrounding 
nutritive  vessels.  The  ulceration  usually  begins  at  the  periphery  of  the  cornea 
under  a  fold  of  overlapping  chemosis.  Quite  often,  however,  it  commences 
near  the  center,  and  occasionally  there  is  a  necrosis  of  the  whole  cornea  at 
once  from  the  cutting  off  of  its  nutritive  supjily  by  pressure — a  true  .sphacelus 
cornece — when  the  entire  tissue  becomes  yellow  and  breaks  down  into  a  pul- 
taceous  mass.  The  presence  of  the  corneal  ulcer,  hoAvever  great  its  extent,  is 
not  a  bar  to  the  most  energetic  treatment  of  the  conjunctival  disease  (see  also 
page  279).  The  ulceration  is  apt  to  be  deeper  than  in  other  forms,  especially 
at  the  perijihery,  and  there  is  an  earlier  prolapse  of  the  iris.  Often  the  whofe 
iris  seems  to  bulge  forward  either  as  a  mass — keratocele — or  through  numerous 
perforations  in  the  apparently  clear  cornea — the  so-called  mulbcrrv  appear- 
ance— and  the  eye  seems  doomed  to  destruction.  There  is,  however,  in  manv 
of  these  cases  quite  a  quantity  of  sound  corneal  tissue  remaining.  The  mem- 
brane of  Desccmet  resists  destruction  for  a  long  while,  and  eyes  that  seemed 
lost  regain  their  form  and  some  part  of  their  function. 

In  cases  of  peripheral  perforation  eserin  is  to  be  used,  while  in  other 
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forms  atropin  and  antisepsis,  with  hot  applications,  should  constitute  the 
main  local  treatment. 

(2)  Neuro -paralytic  Keratitis. — The  other  form  of  secondary  kera- 
titis is  that  associated  with  paralysis  of  the  fifth  pair  of  cranial  neryes,  the 
so-called  'neuro-]X(raliftic  keratitis.  When  the  fifth  nerye,  particularly  the 
part  containing  fibers  of  the  sym})athetic,  is  divided  in  animals,  in  a  short 
time  the  cornea  on  that  side  begins  to  ulcerate,  and  soon  passes  on  to  total 
destruction.  The  same  thing  is  likely  to  occur  in  man  when  the  fifth  nerve 
is  from  any  cause  paralyzed,  and  particularly  when  the  branch  of  the  seventh 
going  to  the  orbicularis  is  at  the  same  time  involved. 

It  has  been  a  point  in  dispute  whether  the  ulceration  is  due  to  interference 
^vith  nutrition  from  injury  to  the  tro])hic  filaments  in  the  fifth  ])air,  or  is 
simply  the  result  of  the  traumatic  injuries  inflicted  on  the  insensitive  cornea 
on  account  of  its  constant  exposure  from  the  paralysis  of  the  orbicularis.  It 
would  seem  froni  a  careful  sifting  of  the  evidence  that  both  factors  ])lay  a 
part.  Injury  to  the  tro])iiic  nerves  seriously  impairs  the  resisting  power  of 
the  corneal  tissue,  and,  it  may  be  in  some  instances,  is  of  itself  sufficient 
to  bring  about  destructive  inflammation,  independent  of  serious  injury, 
for  we  see  the  nkieration  sometimes  when  the  orbicularis  is  intact.  C)n 
the  other  hand,  we  have  paralysis  of  the  orbicularis  without  corneal  ulcer- 
ation. 

The  ])rocess  usually  begins  as  a  marginal  ulcer,  with  deep  injection  of  the 
conjunctiva,  and  spreads  gradually  over  the  whole  cornea,  the  tissue  breaking 
down  into  a  soft  yellow  mass.  On  occasion  the  process  seems  to  arrest  itself, 
and  a  small  amount  of  clear  cornea  is  left.  It  is  usually  painless,  and  not 
accompanied  by  photophobia  or  lachrymation. 

The  course  is  slow  and  prognosis  serious,  a  total  destruction  of  the  cornea 
being  the  result  to  be  exj)ected. 

Treatment  is  ^v•holly  palliative,  protection  of  the  eyes  by  bandage  or 
stitching  the  lids  and  cleanliness  being  tlie  main  features  in  the  therapeutics. 
Tonics  and  a  nutritious  diet  are  nearly  always  demanded. 

After  removal  of  the  Gasserian  ganglion  Dr.  W.  W.  Keen  and  Dr.  de 
Schweinitz  recommend  primarily  stitching  of  the  lids,  and  when  the  first 
dressing  is  made  the  apjilication  of  a  Buller's  shield,  which  remains  for  a 
week  or  more.  With  these  precautions  they  have  prevented  corneal  ulcer 
after  complete  excision  of  the  ganglion.  Destructive  ulceration  of  the  cornea 
is  the  result  most  to  l)e  feared  in  (liphthcria  of  the  conjunctiva  (page  284). 

Keratitis  e  I/agophthalmo. — When  the  cornea  is  continnously  ex- 
posed from  any  cause  its  epithelium  desiccates  and  falls  oflT,  and  there  is  a 
liability  to  the  entrance  of  germs  with  an  infective  keratitis  as  a  result. 

The  affection  has  been  observed  in  excessive  exophthalmos,  destruction 
of,  or  cicatricial  contraction  of  the  eyelids,  paralysis  of  the  orbicularis,  etc. 

The  keratitis  pursues  practically  the  same  course  as  neuro-paralytic 
ophthalmia,  though  not  usually  with  the  same  rapidity  or  malignancy,  and 
responds  more  promptly  to  treatment. 

Treatment. — This  consists  in  removing  the  cause  when  ])ossible,  and 
usually  by  some  operation  on  the  lids.  In  case  this  cannot  be  done  a  ])ro- 
tective  bandage  must  b(!  constantly  used.  In  the  sligliter  forms  of  lag- 
ophthalmos  the  bandage  should  always  be  a])plied  at  night,  and  all  such 
eyes  should  be  protected  against  dust,  wind,  smoke,  and  other  irritating 
influences.  The  treatment  of  the  keratitis  itself  is  the  same  as  that  indicated 
for  keratitis  in  general. 

Corneal  "Ulcers  in  Small-pox. — In  the  days  prior  to  vaccination 
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destruction  of  tlie  cornea  from  small-pox  was  one  of  the  most  common  forms 
of  blindness.    Hajipily,  it  is  not  often  encountered  now. 

True  vaccinal  abscess  differs  from  ordinary  abscess  in  that  it  is  generally 
endogenous,  being  simj)ly  the  ai)pearance  of  a  variolous  ])ustule  on  the  cornea 
itself.  That  it  may  be  due  to  secondary  infection  is,  however,  possible, 
especially  if  the  cornea  becomes  involved  after  the  stage  of  eruption  is 
passed. 

The  treatment  is  the  same  as  that  for  other  forms  of  purulent  keratitis. 

Keratotnalacia.  — This  is  a  form  of  destructive  corneal  trouble  met 
with  mostly  in  badly-nourished  infants  and  children,  though  adults  Avith 
vital  powers  greatly  reduced  by  lack  of  ])roper  food  are  also  liable  to  be 
attacked.  It  is  seen  accompanying  meningitis,  variola,  measles,  and  severe 
diarrhea  or  dysentery. 

Symptoms. — It  is  always  associated  with  xerosis  of  the  conjniicfira 
(page  296).  There  is  great  dryness  of  the  conjunctiva,  which  is  covered  in 
spots  with  a  froth-like  material  that  is  found  upon  examination  to  consist  of 
fatty  matter  and  epithelial  cells.  The  lachrymal  secretion  is  deficient  or 
entirely  lacking.  The  cornea  becomes  dry  and  cloudy  from  a  drying  of  its 
epithelium,  and  soon  shows  evidences  of  breaking  down  at  the  center.  This 
disintegration  is  of  the  color  of  [)us,  and  sometimes  extends  very  rapidly, 
destroying  the  cornea  in  the  course  of  a  few  hours.  Sometimes,  how^ever,  it 
requires  several  days  to  accomplish  this.  It  may  even  happen  in  mild  cases 
that  the  whole  tissue  is  not  destroyed.  There  is,  in  those  who  are  old  enough 
to  express  themselves,  a  pronounced  night-blindness  at  the  beginning  of  the 
affection.  This,  as  w'ell  as  the  other  characteristic  symptoms,  gives  evidence 
of  a  lack  of  nutrition  at  the  nerve-centers. 

Microbes  of  various  kinds  have  been  found  in  the  secretions,  but  they 
are  probably  not  the  essential  cause  of  the  disease,  but  only  find  in  it  a  nidus 
for  growth.  The  one  most  frequently  found  is  a  small  bacillus,  the  so-called 
pseudo-diphtheria  bacillus,  and  is  often  present  in  large  numbers. 

The  prognosis  is  most  unfiivorable  ;  the  patients  frc(piently  succumb  to 
the  disease  which  has  caused  the  keratitis  or  to  an  intercurrent  ])neumonia. 

Treatment. — The  first  object  in  treatment  is  to  improve  the  nutrition  as 
rapidly  as  possible  by  the  most  nourishing  foods,  tonics,  etc.  The  eye  itself 
should  be  treated  with  hot  fomentations,  mild  aseptic  washes.  Caustics  are 
seldom  called  for.  On  account  of  the  insensitiveness  of  the  eyes  and  the 
tendency  of  the  lids  to  remain  open,  a  bandage  is  necessary  for  protection. 

Tuberculosis  of  the  Cornea. — Primary  tuberculosis  of  the  cornea  is 
a  rare  affection.  The  cornea,  however,  usually  participates  more  or  less  in 
the  conjunctival  form  of  that  affection  (page  302). 

Symptoms. — In  the  few  cases  that  have  been  reported  it  has  begun  as 
an  interstitial  opacification,  commencing  at  the  edge  and  progressing  toward 
the  center  of  the  cornea.  In  this  affected  area  there  are  to  be  seen  small 
yellowish-white  granules  like  miliary  tubercles,  which  coalesce  and  finally 
break  down,  and  are  thrown  off,  leaving  an  ulcer  usually  without  hypopyon. 
A  bacteriological  examination  or  experimental  inoculation  will  usually  demon- 
strate the  character  of  the  disease. 

The  treatment  is  the  same  as  that  for  other  ulcers,  only  demanding  an 
early  scraping  or  destruction  by  caustics  of  the  affected  tissues. 

interstitial  or  Parenchymatous  Keratitis  {Si/phiUtic,  Inherited, 
Specific,  Difuse  Interstitial  Keratitis). — In  contradistinction  to  the  destructive 
forms  of  corneal  inflammation  we  have  been  considering,  this  form  does  not 
lead,  as  a  rule,  to  a  loss  of  corneal  tissue.    Moreover,  it  is  ahvays  the  man- 
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ifestation  of  a  systemic  derangement,  and  usually  some  form  of  dyscrasia, 
hereditary  syphilis  being  the  most  common.  Jts  association  with  acquired 
syphilis  is  uncommon,  nor  does  scrofula  usually  manifest  itself  by  this  form 
of  corneal  inflammation. 

Etiology. — W  e  owe  to  Hutchinson  the  discovery  of  the  intimate  connec- 
tion of  keratitis  parenchymatosa  with  inherited  syphilis.  The  ground  taken 
by  him  nearly  forty  years  ago  is  still  maintained  by  a  large  })art  of  the  ablest 
clinicians. 

Still,  it  may  be  questioned  whether  all  cases  of  interstitial  keratitis  are 
syphilitic.  Von  Hippel  has  found  the  disease  very  frequent  in  people  of  a  tuber- 
<'ulous  taint  with  no  history  of  inherited  syphilis.  Of  87  cases,  23  were  syph- 
ilitic and  15  doubtful;  18  tuberculous  and  8  doubtfid — other  cases  uncertain. 
Parinaud  found  96  per  cent,  of  his  cases  syphilitic  ;  Despagnet,  14  per  cent. ; 
Scklassy,  30  per  cent. ;  Bosse,  44  cases  in  54. 

The  syphilitic  cases  are  generally  marked  by  definite  and  peculiar  features. 
As  regards  the  mother,  there  are  rarely  absent  histories  of  abortions  or  early 
death  of  other  children,  and  those  now  living  show  more  or  less  evidence  of 
being  afl'ected,  Prol)ably  the  most  characteristic  appearance  is  on  the  part 
of  the  permanent  teeth.  The  central  upper  incisors  have  notched  edges  and 
are  peg-shaped,  the  so-called  "  Hutchinson's  teeth."  This  shape  is  due  to 
defective  nutrition  and  the  breaking  away  of  the  enamel.  There  are  often 
nodosities  on  the  tibia,  and  the  frontal  tuber- 
osities are  unusually  prominent.  There  are 
often  deep  scars  around  the  angles  of  the  mouth 
and  the  alse  nasi.  It  is  usual  to  describe  the  skin  --^^^ 
as  being  coarse,  but  the  author's  observation  is  ^ 
that  it  is  commonly  unusuallv  fine  and  velvety  fig.  209.— Form  of  the  upper  teeth 
in  texture.  This  is  particularly  noticeable  in  iiuSS- 
the  negro  race.   A  less  common  accompaniment 

is  that  of  deafness.  Synovitis  of  the  knee-joint  may  be  a  complication,  and 
there  are  likely  to  be  other  evidences  of  faulty  nutrition.  The  disease  is 
commonest  between  the  ages  of  five  and  fifteen,  occurring  occasionally  as 
early  as  the  third  year  and  rarely  as  late  as  the  sixtieth  year.  A  congenital 
form  has  been  described.  In  female  children  it  is  apt  to  appear  about  the 
supervention  of  menstruation. 

Cases  occurring  in  persons  above  thirty  years  of  age  are  not,  as  a  rule, 
due  to  syphilis,  but  to  some  other  dyscrasia,  as  rheumatism,  gout,  and 
possibly  tuberculosis,  or  the  climacteric. 

Symptoms. — The  disease  begins  as  a  grayish  opacity  in  the  substance  of 
the  cornea,  sometimes  at  more  than  one  place,  and  gradually  extends  in 
typical  cases  until  the  whole  of  the  tissue  is  involved.  This  opacity  is  so 
dense  in  fully-developed  cases  as  to  entirely  veil  the  iris  from  view,  and  is 
generally  quite  uniform,  though  a  close  inspection  will  reveal  foci  of  more 
intense  infiltration. 

At  the  beginning  the  e]>ithelium  is  intact  and  the  surface  of  the  cornea 
has  its  normal  glistening  look,  but  later  it  becomes  rough  like  ground  glass, 
showing  a  disturbance  in  the  arrangement  of  its  epithelial  cells. 

In  a  form  to  which  the  name  circumscript  or  discrete  has  been  given  there 
may  be  several  spots  at  some  distance  from  each  other  and  apparently  uncon- 
nected. An  examination  with  oblique  illumination  and  a  magnifier,  however, 
will  nearlv  always  show  some  fine  streaks  of  opacity  connecting  them. 

In  this  discrete  form,  which  is  more  frequently  found  in  the  rheumatic 
diathesis  and  in  women  about  the  climacteric,  there  is  nearly  always  a  per- 
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manent  ()])afity  ivniainiiiir  after  tlie  disease  has  subsided,  more  especially 
when  the  spots  arc  near  the  scleral  border  (Fig.  211). 

During  the  very  early  stage  of  the  infiltration  there  is  no  great  increase 


fiG.  210.— Interstitial  keratitis,  with  commen- 
cing vascularization. 


Fig.  211.— Circumscribed  interstitial  keratitis 
(author's  case). 


in  the  vascularization  of  the  conjunctiva,  nor  are  photophobia  and  lachryma- 
tion  very  pronounced. 

The  second  staf/e,  that  of  vascularization,  is  almost  always  attended  with 
symptoms  of  irritation.  This  vascularization  of  the  infiltration  is  the  nat- 
ural process  for  its  absorption.  Its  manner  of  invasion  is  characteristic  and 
distinctive.  The  vessels,  which  are  very  fine  and  delicate,  arc  seen  to  pen- 
etrate deeply  into  the  substance  of  the  cornea  at  its  ])erij)hery.    On  account 

of  their  fineness  and  coni])actness  tliey 
seem,  as  seen  througii  the  hazy  cor- 
neal tissue,  almost  like  an  extrava- 
sation of  blood  into  its  substance — 
the  "salmon  })atch  "  of  Hutchinson. 

The  vascularization  usually  ad- 
vances pari  passu  with  the  ])rogress 
of  the  infiltration  across  the  cornea, 
and  that  is  usually  from  above  down- 
ward, so  that  by  the  time  the  infiltra- 
tion reaches  the  opposite  side  the 
cornea  looks  like  a  piece  of  raw 
beef — the  vascular  keratitis  of  .some 
writers.  This  may  have  required 
weeks  or  even  months,  for  tedious- 
ness  is  a  prime  characteristic  of  the 
affection  (Fig.  210). 

The  accompanying  sym])toms  may 
be  mild,  giving  rise  to  but  little 
]iain.  In  most  cases,  however,  there 
are  considerable  pain  of  a  neuralgic 
character  and  lachrymation,  and 
there  are  generally  indications  of  the 
involvement  of  the  uveal  tract.  In  fact,  few  cases  run  their  course  Avithout 
an  implication  of  the  iris,  ciliary  body,  or  choroid,  or  all  three.  Stellwag 
designated  tiie  di.sease  as  "anterior  uveitis.''  We  must  remember  that  the 
cornea  is  connected  directly  with  the  uveal  tract  through  the  endothelial 


Fig.  il^.— Section  of  the  cornea  in  parenchyma- 
tous keratitis  :  a,  epithelial  layer ;  /),  Bowman's  mem- 
brane ;  (/.  membrane  of  Descemet  with  deposit  of 
round-cells,  c,  on  its  |)osterior  surface:  r,  blood  ves- 
sels;  /,  infiltration  and  dislocation  of  the  corneal 
layers  (modified  from  Nordensen). 
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layer  of  Descemet's  niembniiie.  Unfortunately,  the  condition  of  the  cornea 
does  not  allow  us  to  examine  carefully  into  the  state  of  the  iris,  but  after  the 
o])a('ity  has  cleared  up  we  are  apt  to  find  evidence  of  iritis.  Retinitis  and 
optic  neuritis  may  occur,  and  secondary  glaucoma  is  not  uncommon. 

All  cases,  however,  do  not  run  such  a  typical  course.  A  part  of  the 
cornea  may  be  attacked,  vascidarize,  and  clear  uj),  and  then  anf)ther  and 
another,  until  the  whole  tissue  has  been  successively  affected.  The  process 
may  occasionally  stop  after  an  attack  on  a  limited  portion.  A  number  of 
cases  of  an  atypical  form,  which  are  not  properly  forms  of  interstitial  kera- 
titis, have  been  reported  in  which  the  opacities  are  stripe-like  or  ring-like. 
Tiiese  present  the  appearance  of  pus  in  the  corneal  layers,  the  so-called 
ahsceM-fonns,  or  they  may  appear  as  a  central  annular  lesion.  On  rare 
occasions  ulccr<(tion  and  hi/popi/o)i  are  accompanying  conditions,  but  should 
be  regarded  as  incidental  complications. 

Prog-nosis. — The  course  of  the  disease  is  invariably  slow,  and,  as  the  eyes 
are  liable  to  be  affected  in  succession  and  the  same  eye  experience  more  than 
one  attack,  many  months  or  even  years  may  not  see  the  end.  And  yet  the 
prognosis  quoad  vitium.  is  generally  good,  and  ])articularly  is  this  so  when  the 
uveal  tract  is  not  seriously  involved.  In  many  cases  the  cornea  clears  up 
almost  perfectly,  though  an  examination  with  oblique  illumination  and  cor- 
neal loup  will  reveal  some  faint  streaks  of  opacity ;  indeed,  years  after  an 
attack  of  interstitial  keratitis  minute  vessel-channels,  nearly  straight,  branch- 
ing at  acute  angles  and  short  bends,  may  be  detected  in  the  cornea.  These  are 
best  studied  with  the  ophthalmoscope,  after  dilating  the  })upil,  through  a  strong 
convex  glass  (+  16  D.)  (Fig.  213).  The  process  of  resolution  always  begins 
at  the  periphery  of  the  cornea. 

Treatment. — Tlie  disease  is  essentially  self-limited,  and  we  can  do  but 
little  to  shorten  its  course.    Yet  we  are  not  without  resource  for  the  allevia- 


FiG.  213.— Vessel-formation  in  the  cornea  after  interstitial  keratitis  (Hirschberg). 

tion  of  its  uncomfortable  symptoms  and  measures  to  encourage  a  favorable 
issue  of  the  disease.  As  resolution  takes  ])lace  through  vascularization,  means 
which  increase  this  are  in  order,  and  chief  among  them  are  hot  applications. 
The  eye  should  be  bathed  in  water  as  hot  as  can  be  borne  for  five  minutes 
every  four  hours.  This  also  assists  in  relieving  any  pain  that  may  be  ]>resent. 
Atropin,  1  per  cent,  solution,  dropped  in  the  eye  three  times  a  day  is  ben- 
eficial, not  only  for  the  corneal  affection,  but  also  for  the  iritis  Avhich  may  be 
present.  When  the  long-continued  use  of  atropin  sets  up  a  papillary  inflam- 
mation of  the  conjunctiva — which  it  may  do  on  very  rare  occasions — hyoscya- 
min,  scopolamin,  or  daturin  may  be  substituted  for  it.  Being  a  diathetic  dis- 
ease, general  treatment  is  all-important,  especially  iron,  arsenic,  and  cod-liver 
oil.  Tonics  and  good  nourishment  are  called  for  in  cases  of  debility,  while 
21 
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rlK'iiniatism  and  ^oiit  and  tuberculosis  require  tlieii-  api)ropriate  treatment. 
In  tliose  cases  where  hereditary  sypliilis  is  evident  or  suspected,  specific  treat- 
ment is  demanded,  l)ut  not  of  a  vi<j;orous  kind.  Tlie  sim])lest  form  of  admin- 
istration is  l)ichlorid  of  mercury  gi'.  and  iodid  of  potassium  gr.  ij,  after 
eacii  meal.  These  remedies  are  well  borne  ibr  many  months.  Inunctions 
of  mercury  arc  not  usually  called  for  except  in  yery  severe  and  well-pro- 
nounced cases.  In  the  practice  of  some  surgeons  they  constitute  the  basis  of 
treatment  in  the  majority  of  cases.  The  patient  should  be  encouraged  to  go 
out  of  doors  as  nmch  as  possible,  protecting  the  eyes  with  blue  or  gray  glasses. 
Recently  subconjunctival  injections  of  bichlorid  of  mercury  have  been  advo- 
cated (piite  strongly  in  certain  quarters,  as  have  those  of  normal  salt  solution, 
used  in  the  same  manner.  The  severe  i)ain  which  has  been  found  to  accom- 
pany their  employment  is  a  great  bar  to  their  general  use. 

Results  of  Corneal  Inflammation. — Ojxicities  of  the  Cornea. — The 
t)utcome  of  an  inflammation  of  tiie  cornea  as  regards  its  restitutio  ad  integrum 
of  transparency  depends  largely  uj)on  whether  it  is  of  the  destructive  form  or 
not.  A  pannus  or  interstitial  keratitis  can  continue  for  months  or  even 
years,  and  yet  the  cornea  clear  up  almost  perfectly,  provided  there  has  been 
no  loss  of  substance  replaced  by  cicatricial  tissue.  But  even  in  the  inter- 
stitial form  there  can  be  an  organization  of  the  effused  material,  taking  on  the 
character  of  connective  tissue,  which  does  not  become  transparent.  Indeed, 
in  the  most  favorable  cases  there  are  always  fine  streaks  of  oj^acity  to  be  dis- 
covered by  oblique  illumination  and  the  magnifier  (see  page  146). 

Where  there  has  been  any  considerable  loss  of  tissue  the  rule  is  for  an 
opacity  to  remain,  the  cicatricial  material  which  replaces  the  lost  corneal 
tissue  never  becoming  transparent.  The  presence  or  activity  of  the  corneal 
epithelium  seems  to  exercise  a  favorable  influence  on  the  reproduction  of  the 
clear  corneal  substance.  The  clearing  up  of  the  ojiacity  proceeds  from  the 
periphery  toward  the  center. 

Opacities  have  always  been  classified,  according  to  their  intensities,  into 
nebuke  or  maculce,  the  slighter  forms,  and  leukoviata,  the  denser  forms.  When 
after  a  perforation  of  the  cornea  there  is  prolapse  of  the  iris,  ^vith  adhesion  to 
the  wound,  ^ve  have  the  condition  known  as  adherent  leukoma. 

The  amount  of  damage  to  perfect  vision  caused  by  an  opacity  depends 
largely  u])on  its  situation,  and  to  some  extent  u])on  its  density.  A  small, 
sharply-defined,  dense  oj)acity  over  the  pupil,  however,  will  disturb  vision 
less  than  a  thinner  one,  which  allows  a  greater  amount  of  light  to  go  through, 
but  diffuses  it  more. 

The  course  and  final  condition  of  a  corneal  opacity  depend  largelv  upon 
the  age  of  the  patient  and  the  depth  of  the  destructive  process.  In  voung 
people  the  chances  of  a  clearing  uj)  are  nuich  better  than  in  elderly  ones,  and 
the  smaller  and  more  superficial  the  ulcer  the  greater  the  probability  of  an 
ultimate  clarification. 

Treatment. — The  treatment  of  corneal  opacities  is  directed  to  an  assist- 
ance in  the  absorption  of  the  effused  material.  This  requires  usually  some 
means  which  increases  temjwrarily  the  vascularization  of  the  part  and  stimu- 
lates the  absorbents.  Insufflation  of  finely-powdered  calomel  once  a  day  is  an 
old  remedy.  Another  form  of  mercury  much  used  is  the  yellow  amorphous 
oxid,  gr,  j  ad  .^j  of  cosmolin — "  Pagenstecher's  ointment — a  small  bit  to 
be  rubbe(l  under  the  lids  once  a  day  or  every  other  day  {massof/e  of  the 
cornea).  Turpentine  oil  moderated  with  sweet  oil  has  been  used  for  the 
same  purpose.  In  fact,  everything  which  increases  the  blood-supply  of  the 
conjunctiva  has  been  used,  and  with  some  show  of  success.    The  value  of 
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the  constant  current  of  electricity  applied  to  the  cornea  for  this  purpose  has 
doubtless  its  basis  in  the  same  quality. 

The  attempt  to  remove  opacities  by  operation  is  of  course  futile,  since 
the  removed  tissue  will  be  replaced  by  cicatricial  tissue,  except  in  those  cases 
where  the  trouble  is  limited  to  the  epithelial  layer,  as  wliere  there  are  dej)osits 
of  lime,  lead,  etc.,  and  in  some  cases  of  superficial  pannus. 

For  cases  of  total  leukoma  of  the  cornea  or  large  central  opacities  covering 
the  pupil,  with  no  room  for  an  artificial  })upil  at  the  peri})hery,  transplanta- 
tion of  a  portion  of  the  cornea  of  rabbits  or  other  animals  was  first  suggested 
by  Reissinger  in  1824,  and  revived  by  von  Hippel  in  187G.  It  cannot  be 
said,  however,  that  any  brilliant  permanent  success  has  followed  the  attempts 
made  thus  far. 

In  case  of  leukoma  adherens  it  may  be  necessary  to  loosen  the  iris  from 
its  adhesion  to  the  cicatrix  for  optical  purposes,  or  to  free  the  eye  from  a 
source  of  constant  irritation.  An  iridectomy  is  often  called  for  w4ien  the 
opacity  covers  the  pupil,  even  \vhen  there  is  no  incarceration  of  the  iris,  for 
optical  purposes. 

In  permanent  opacity  the  disfiguring  appearance  can  be  much  mitigated 
by  the  process  of  tattooing  the  \vhite  spot  with  India  ink. 

Changes  in  the  Form  of  the  Cornea. — While  inflammations  of  the 
cornea  may  subside  without  any  change  in  the  form  of  the  cornea,  even  Avhen 
a  considerable  opacity  remains,  in  a  large  number  of  cases,  and  especially  in 
those  ^vhere  there  has  been  a  considerable  loss  of  tissue  or  even  long-continued 
infiltration,  the  original  shape  is  seldom  retained,  and  sometimes  the  change 
is  enormous.  This  alteration  may  be  in  the  manner  of  flattening — or  of 
bulging — staphyloma. 

(1)  Flattening  of  the  cornea  most  frequently  follows  upon  total  destruction 
or  large  losses  of  the  corneal  tissue,  and  especially  in  those  cases  where  the 
uveal  tract  has  been  involved  and  the  nutrition  of  the  eve  interfered  with, 
accompanied  by  reduced  tension  of  the  eyeball.  The  iris  is  found  in  such 
cases  plastered  against  the  posterior  wall  of  the  remnant  of  the  cornea, 
some  portion  of  which  may  still  be  transparent.  The  flattening  may  be  of 
any  grade,  from  that  discernible  only  by  means  of  the  ophthalmometer  to 
that  associated  with  a  more  or  less  complete  atrophy  of  the  eyeball. 

(2)  Bulging  of  the  Cornea. — Staphyloma  has  various  qualifying  terms, 
denoting  special  characteristics.  It  may  be  partial  or  complete,  conical, 
globose,  or  racemose,  the  latter  name  sig- 
nifying a  number  of  small  protrusions 
linked  together  around  the  periphery  of 
the  cornea.  A  general  enlargement  of 
the  eyeball  [hydrophthalmos)  (Fig.  214) 
is  very  often  associated  with  these  condi- 
tions and  always  indicates  the  particii)a- 
tion  of  the  iris  and  choroid  in  the  inflam- 
matory process.    The  iris  may  be  attached 

to  it  either  partially,  as  in  adherent  leu-  „  ^    . i       «  , 

^      ^       i  •                  r                    Fig.  214.— Hvdrnj)htha]mos  after  ophthal- 

koma,   or  completely,  as  in   some  lOrms     mia  neonatorum      cornea ;  o  n,  optic  uervo. 

n  1        111               '  (From  a  patient  in  the  Children's  Hospital, 

Ot  keratoglobUS.  _  Washington.) 

All   staphylomata   indicate   an  in- 
creased tension  of  the  eyeball  at  some  time.    The  .structure  of  a  staphyloma 
is  by  no  means  uniform.    Its  walls  may  be  thin  or  very  thick,  and  some- 
times the  apex  undergoes  ulceration  or  degeneration  of  the  calcareous  or  col- 
loid form  ;  and  it  is  always  liable  to  attacks  of  inflammation. 
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Treatment.— The  therapeutics  of  stapliyloiiiatu  is  preventive  and  surgical. 

The  former  is  applicable  only  during  its  stage  of  formation,  when  a 
pressure  bandage  should  be  a])plicd  to  support  the  Aveak  tissue.  Paracentesis, 
sometimes  rei)eated,  by  lessening  the  intraocular  tension,  removes  an  important 
factor  in  its  i)roduction.    Eserin  can  be  used  for  the  same  end. 

When  a  staphyloma  has  become  so  large  as  to  be  unsightly,  or  is  a  source 
of  annoyance  or  pain,  surgical  interference  of  some  kind  is  the  only  remedy  : 
enucleation  of  the  eye,  abscission  of  the  staphyloma,  or  evisceration. 

Enucleation  should  be  avoided  when  possible  in  children^  among  whom 
sta])hyloma  so  frequently  occurs  as  a  consequence  of  conjunctivitis  neona- 
torun'i.  The  presence  of  the  eyeball  seems  to  be  necessary  to  the  proper 
development  of  the  orbit,  and  an  artificial  eye  is  difficult  to  adapt  to  very 
young  children.  In  cases  of  excessive  hydrophthalmos  the  operation  of 
evisceration  finds  its  best  field  of  application.  Evisceration,  with  the  intro- 
duction of  a  glass  ball  within  tiie  sclera  (Mules's  operation),  gives  an  excellent 
support  for  an  artificial  eye  (see  page  572). 

(3)  Cydoid  Cicatrix. — The  condition  of  union  between  the  tissues  at  the 
scleral  border  in  some  cases  of  adherent  leukoma  can  be  such  as  to  form  a 
circumscribed  cystic  elevation  the  walls  of  which  may  give  way  at  times,  dis- 
charging the  contents  of  the  aqueous  chamber — the  so-called  ci/doid  cicatri.v  ;  or 
the  opening  may  not  close  at  all,  constituting  a  fdida,  through  which  the  aque- 
ous humor  constantly  leaks,  sometimes  under  the  conjunctiva,  causing  a  chemosis 
pallida.    Similar  phenomena  may  arise  after  the  operation  of  iridectomy. 

These  conditions  are  usually  very  rebellious  to  treatment,  which  is  for  the 
most  part  surgical,  consisting  in  cauterization,  the  formation  of  conjunctival 
flaps  over  the  parts,  or  cutting  away  a  part  of  the  walls  of  the  cyst  and  pro- 
curing a  firm  adhesion  between  the  edges  of  the  wound.  An  iridectomy 
sometimes  helps  much. 

(4)  Astigmatism. — The  changes  in  the  form  of  the  cornea  are  commonly  so 
irregular  (ii^regular  astigmatism)  that  it  is  not  possible  to  correct  the  optical 
defect  by  any  form  of  lens  in  such  manner  as  to  improve  vision  materially. 
Changes  are  occasionally  so  regular,  however,  as  to  allow  this  to  be  done,  and 
here  the  ophthalmometer  becomes  a  valuable  aid  in  diagnosis.  With  the  sug- 
gestion afforded  by  this  examination  it  is  often  possible  to  double  or  treble  the 
visual  acuteness  (see  also  page  231). 

When  the  intraocular  j^ressure  is  reduced  to  any  considerable  degree  the 
cornea  feels  the  diminished  tension,  and  manifests  it  by  an  altered  curvature, 
sometimes  in  the  nature  of  wrinkling.  This  is  very  a])]>arent  in  many  forms 
of  atrophy.  In  cyclitis  associated  with  reduced  eye-tension  it  is  nearly  always 
demonstrable  by  the  ophthalmometer,  or  Placido's  disk.  Fig.  215  gives  the 
corneal  reflection  of  Placido's  disk  in  such  a  case.  The  cornea  resumed  its 
normal  sha]ie  mIicu  the  tension  was  restored. 

Sclerosing  Keratitis. — A  special  form  of  corneal  opacity  is  associated 
with  long-continued  scleritis  and  irido-choroiditis. 

It  begins  in  the  former  case  as  a  triangular  bit  of  bluish-white  tint,  with 
its  base  on  the  sclera,  its  apex  toward  the  center  of  the  cornea.  The  change 
is  interstitial,  the  epithelium  seldom  undergoing  any  alteration.  W'hen  fol- 
lowing long-continued  inflammation  of  the  uveal  tract,  with  depressed  nutrition 
of  the  eyes,  the  opacity  sometimes  extends  as  a  band  wholly  or  partially 
around  the  corneal  circumference,  as  shoAvn  in  Fig.  216,  taken  from  a  case 
under  the  author's  own  observation.  Baumgartner  and  Berlin  have  found 
that  the  corneal  tissue  has  undergone  fatty  and  hyalin  degeneration  with 
what  appears  to  be  in  some  instances  adenoid  tissue. 
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Treatment  is  of  no  avail,  though  tlie  galvano-cauteiy  applied  to  the  base 
of  the  lesion  has  been  recommended. 


Fig.  215.— Wrinkling  of  the  cornea; 
reflection  of  Pliicido's  disk. 


Fig.  216.— Sclerosing  keratitis  in  both  eyes  from  irido- 
choroiditis  (antlior's  case). 


Ribbon-shaped  Keratitis  [PHmari/  Transverse  Opacity  of  Cornea; 
Zonular  Opacity;  Keratitis  Bandelcttc). — This  is  a  rare  form  of  corneal 
opacity,  not  due  to  an  inflammation  of  the  cornea  itself,  but  associated  with 
or  following  some  kind  of  ocular  malnutrition,  caused  by  irido-choroiditis, 
glaucoma,  or  a  gouty  tendency. 

The  lesion  is  situated  directly  in  the  palpebral  aperture,  where  the  cornea 
is  most  exposed,  and  consists  of  finely  punctiform  opacities  under  the  epithe- 


Fig.  217.— Keratitis  bandelette  (after  von  Graefe). 

Hum  of  the  cornea.  It  begins  sometimes  on  one  side,  sometimes  on  the  other, 
leaving  a  small  area  of  clear  tissue  at  the  periphery,  and  progresses  steadily 
toward  the  pupil,  over  which  the  two  bands  usually  meet  in  time  (Fig.  217). 
Some  cases  have  been  observed  in  which  it  began  in  the  center.  Both  corne{B 
are  liable  to  be  affected  in  time.  It  occurs  mostly  in  men.  After  the  epithe- 
lium is  removed  the  deposit  can  be  flaked  off, 
leaving,  as  a  rule,  clear  cornea  beneath.  The 
deposit  is  either  the  phosphate  or  carbonate  of 
lime.  Its  removal  in  this  manner  is  the  only 
treatment.  Atropin  should  be  avoided  in  such 
eyes,  on  account  of  their  tendency  to  glaucoma. 

Striped  Keratitis. — A  peculiar  form  of 
opacity  of  the  cornea  is  sometimes  noticed  after 
cataract  extraction,  but  has  been  observed  also 
after  other  forms  of  injury  or  inflammation  of  the 
cornea.  It  consists  of  fine,  straight  stripes  \  to 
1  mm.  in  width,  focussing  towanl  the  seat  of  in- 
jury. The  intervening  corneal  tissue  may  be 
comparatively  clear,  in  which  case  the  lines  will 
appear  as  grayish  stripes  against  the  darker  back- 
ground of  the  iris  (Fig.  218).  There  may  be  two  or  more  sets  of  lines  cross- 
ing each  other,  making  a  sort  of  panel  figure  (Fig.  219). 

They  were  once  thought  to  be  dilated  by  lymph-channels  (Becker,  Reck- 


Fig.  218.— Striped  keratitis  with  ulcer 
and  hypopyon  (after  Schirmer). 
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liiigliausen)  or  iiiHltnitioii  of  the  large  iierve-eanuls  (Alt).  They  are  caused, 
however,  by  a  fokling  of  the  niembrane  of  Desceraet,  due  to  a  shrinking  of 
the  corneal  tissue  in  cicatrization  or  its  unequal  swelling  in  infiltration  (Mull, 
Hess,  Schirmer)  (Fig.  220).    They  usually  disappear,  but  traces  of  them  may 


Fio.  219.— Panel-like  opacities  of  Fig.  220.— Section  of  the  cornea  showing  the  folds  of  the 

the  cornea  (after  Scnirmer).  niembrane  of  Descemet  in  panel-like  opacity  of  the  cornea 

(after  SchirnuT). 

remain  in  the  form  of  c/cometrical  fignrex  (Fridenberg).  The  folding  of 
Bowman's  membrane  may  give  the  same  appearance. 

Corneal  Opacities  due  to  Metallic  Deposits. — The  salts  of  lead 
coming  in  contact  with  the  albumin  of  the  cornea  denuded  of  its  ei)ithelium 
are  sublimated  in  the  form  of  an  opaque  albimiinate.  Such  deposits  were  of 
much  more  frequent  occurrence  when  lead  lotions  were  used  more  commonly 
than  now  in  corneal  ulcers.  The  e])ithelium  usually  forms  over  it.  Tiie 
deposit  can  be  scraped  off  after  the  epitiielium  is  removed,  leaving  usually  a 
moderately  clear  cornea  beneath. 

Nitrate  of  silver  also  leaves  a  stain  when  applied  to  the  substantia  pro))ria 
for  a  long  while.  A  brilliant  metallic  luster  has  also  been  observed  in 
opacities  of  the  cornea  the  results  of  injuries. 

Arcus  Senilis. — An  arc  of  o])acity  1  to  1.5  mm.  in  widtii  is  very  com- 
monly seen  at  the  base  of  the  cornea  in  old  people.  It  may  entirely  circle 
the  cornea.  There  is  usually  a  narrow  strip  of  clear  cor;iea  between  it  and  the 
sclera.  It  is  sometimes  met  with  in  comparatively  young  persons.  In  the 
negro  race  it  is  usually  very  pronounced.  It  is  a  colloid  degeneration  of  the 
su])erficial  layers  of  the  cornea.  Wlien  incised  it  heals  as  readily  as  normal 
corneal  tissue. 

Transient  Corneal  Opacities. — Sudden  and  severe  pressure  on  the 
cornea  causes  a  derangement  of  its  fibers  which  impairs  its  transparency. 
This  is  observed  in  severe  blows  directly  on  the  cornea  and  in  acute  attacks 
of  glaucoma.    This  disa])pears  in  a  short  time  wdien  the  pressure  is  relieved. 

Kam)>oldi  (1881)  has  described  a  temporary  form  of  opacity  due  to  infil- 
traiion  of  the  corneal  tixsiie  iritJi  /ipiip/i.  It  occurs  in  anemic  persons  or  those 
affected  with  lymphatism.  It  may  extend  to  the  anterior  chamber,  forming 
Ji.^'P^P.V"^"?  T(>non's  capsule.    It  may  be  called  up  or  increased  by  a 

dependent  position  of  the  head. 

Cocain  causes  a  dryness  and  opacity  of  the  epithelium,  and  even  its 
detachment  from  Bowman's  membrane,  when  ajiplied  too  long  with  exposure 
of  the  cornea  to  air.  The  corneal  ej)ithelium  in  old  glaucoma  is  nearly 
always  dull  and  irregular. 

Blood-staining  of  the  Cornea.— A  number  of  cases  have  been 
observed  after  traumatism  in  which  the  cornea  has  been  infiltrated  with  blood  • 
it  is  of  a  chocolate  or  greenish-brown  color  at  the  central  parts,  passing  off 
into  a  reddish  tinge  at  the  periphery.  The  appearances  closely  resemble  those 
of  an  amber-colored  lens  dislocated  into  the  anterior  chamber.    The  hcma- 
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toid'm  deposited  in  the  substantia  pro})ria,  wliich  gives  tliis  color,  is  absorbed 
very  slowly,  at  least  two  years  elapsing  before  its  entire  disa})pearance. 

Keratitis  Nodosa. — When  the  poisonous  spines  of  certain  caterpillars 
get  into  the  eye,  they  set  up  an  inflammation  which  is  peculiar  in  that  it 
is  in  the  form  of  no(Uiles  which  very  much  resemble  tubercles.  While 
more  commonly  found  in  the  conjunctiva,  the  nodules  occnu"  *also  in  the 
cornea,  and  pass  sometimes  into  the  iris.  rhey  never  break  down  and 
discharge,  but  in  time  disappear  by  absorption  (see  also  page  296). 

No  attempt  should  be  made  to  excise  the  nodes  from  the  cornea.  They 
should  be  treated  as  secondary  keratitis  with  heat  and  atropin. 

Keratitis  Punctata  {Atpio-capxiditix,  Dcscrmefifis). — Small  whitish  de- 
posits arc  observed  on  the  posterior  surface  of  the  cornea  in  that  form 
of  iritis  known  as  .srro?(.s  iriti.^,  and  have  been  considered  by  some  authors  as  a 
form  of  iritis  or  irido-cvclitis.  As  the  anterior  surface  of  the  iris  and  the 
posterior  surface  of  the  cornea  arc  lined  by  a  continuous  layer  of  endothelial 
cells,  converting,  in  fact,  the  anterior  chamber  into  a  closed  or  serous  sac, 
there  is  some  ground  for  this  view  ;  and  in  these  cases,  almost  without  excep- 
tion, both  cornea  and  iris  are  involved,  sometimes,  however,  one  more  than 
the  other.  In  some  instances  there  is  a  marked  plastic  iritis  accompanying 
or  following  the  apj)earance  of  the  dots  in  the  cornea.  Though  the  dots  are 
usually  arranged  in  a  pyramidal  shape,  base  down,  they  are  often  irregularly 
placed  (Fig.  221).  The  deposits  vary  in  size  from  a  millimeter  or  so  in  diam- 
eter to  a  microscopic  jK)int.  They  consist  of  inflammatory  exudate  with  a  quan- 
tity of  endothelial  cells  (Fig.  222).  Snellen,  Jr.,  is  reported  to  have  found  a 
microbe  in  the  deposits,  but  this  observation  has  not  been  confirmed  by  others. 
The  exudate  is  sometimes  found  in  the  iris  angle  and  in  the  choroid.  Oblique 

illumination  and  a  magnifier  are  often 
necessary  to  determine  its  presence  in 
the  cornea.    A  general  haziness  of  the 


Fig.  221.— Descemetitis  or  keratitis  punctata. 


Fig.  222. — Deposit  on  the  posterior  siirface  of 
tlie  cornea  in  i)unct!ite  keratitis:  endotlielial 
cells;  c,  cornea;  d,  Descemet's  memlarane ;  p,  de- 
posit of  round-cells  (after  Fuehs). 


cornea  or  a  limited  part  of  it  is  manifest  on  illumination  of  the  fundus  with 
the  ophthalmoscope.  Usually  there  is  no  ])ain,  tlie  pupil  is  connnonly  some- 
what dilated,  and  the  intraocular  tension  slightly  increased.  Vision  is  usually 
much  impaired. 

Treatment. — Atropin  mu.st  be  avoided  unless  there  is  an  active  plastic 
iritis.  The  ])rogress  of  the  disease  is  usually  very  slow,  months  sometimes 
being  required  for  the  disappearance  of  the  deposits.  Mild  doses  of  bichlorid 
of  mercury,  continued  for  a  long  while,  seem  to  be  followed  by  better  results 
than  any  other  thera]K>iitics. 

Non-inflammatory  Changes  in  the  Form  of  the  Cornea. — 
Changes  in  the  form  of  the  cornea  from  the  normal — which  is  really  that  of 
a  triaxial  ellips(^id,  but  not  very  markedly  departing  from  that  of  a  sphere — 
are  known  as  a.stir/niafisni.  Those  changes  which  influence  the  optical  })rop- 
erties  of  the  eye  that  can  be  neutralized  are  treated  of  in  the  chapter 
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on  Refraction.  These  forms  usually  are  congenital,  and  remain  unchanged 
during  life. 

There  are  other  forms,  however,  Avhich  ai)pear  to  be  ac(jnire(l,  though 
not  associated  with  any  InHannnatory  affection.  They  are  usually  classed 
under  the  general  heading  of  Kcratocoiius  or  Conical  Cornea,  from  the  fact 
that  they  dways  assume  a  form  ai)proximating  that  of  a  cone.  The  cone, 
however,  is  generally  quite  irregular.  One  case  has  fallen  under  the  author's 
observation  in  which  the  curve  of  the  vertical  meridian  was  such  that  in  the 
upper  j)art  of  the  ])upil  there  was  myoj)ic  astigmatism,  and  in  the  lower  half 
hyperopic  astigmatism.  The  apex  of  tiie  cone  is  not  always  in  the  center  of 
the  cornea. 

Except  in  a  few  cases,  perhaps,  keratoconus  is  not  congenital,  but  begins 
to  develop  usually  about  the  seventh  or  eighth  year,  thougii  often  later,  reach- 
ing its  climax  not  long  after  the  establishment  of  j)uberty.  Women  are  more 
often  affected  than  men.  The  appearance  of  a  well-marked  case  is  shown  in 
Fig.  223. 

When  less  pronounced  the  abnormal  curve  cannot  be  detected  by  simple 
inspection,  but  is  easily  made  manifest  by  the  keratosco])e  (Placido's  disk,  see 
page  145).  This  is  held  in  front  of  the  eye  or  attached  to  the  ophthalmom- 
eter of  Javal,  and  its  reflection  on  the  cornea  at  its  different  parts  observed. 
Instead  of  being  approximately  circular  at  the  center,  as  it  should  be  in  the 
normal  cornea,  it  has  some  modification  of  the  aj)pearances  shown  in  Fig.  224. 

Illumination  of  the  fundus,  as  in  examination  by  the  "shadow  test," 
shows,  instead  of  a  uniform 
reddish  tint  of  the  ])upillary 
area,  a  dark  spot,  usually  cres- 
cent ic  in  form,  in  the  red  area,  ^(^IJ 
which  changes  with  each  move- 
ment of  tiie  mirror  or  eye. 

The  gradual  change  of  form 


Fifi.  224  — Keratoscopic  appearance  of  keratoconus 
Fig.  223.— Keratoconus.   Pronounced  (Placido's  disk  of  rings).  Irregularly  oval  at  apex  of  cor- 

case.  nea  ;  drawn  out  into  pointed  arches  at  the  periphery. 

of  the  cornea  is  due  to  a  weakening  of  the  corneal  tissue  and  an  increase  of 
the  intraocular  pressure.  The  determining  cause  is  not  known.  Vision  is 
much  reduced,  and,  since  both  eyes  are  nearly  always  affected,  though  often 
in  varying  degree,  tliese  patients  are  always  "  near-sighted,"  though  not  neces- 
sarily myopic,  having  to  hold  all  objects  close  in  order  to  obtain  large  retinal 
images. 

Treatment. — In  many  cases  vision  can  be  much  improved  by  glasses,  a 
certain  amount  of  regular  astigmatism  being  found  by  the  ophthalmometer. 
The  light  coming  through  the  sides  of  the  cone  is  that  generally  used,  and 
therefore,  as  a  rule,  ])lus  cylinders  are  ])refcrred.  Raehlmann  devised  parab- 
olk  glasses  to  correspond  to  the  corneal  curve,  but  they  have  not  been  found 
of  much  practical  use. 

Surgical  treatment  in  the  way  of  flattening  the  cornea  by  the  knife  or  a 
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trephine,  or  burning  it  away  with  caustics,  promises  better.  The  stenopaic 
slit  is  often  of  benefit  in  obtaining  better  outlines  of  objects^  but  the  dim- 
inution of  field  and  illumination  are  its  drawbacks. 

Morbid  Growths  on  the  Cornea. — Of  benign  growths, //;ro>?ia  (Fig. 
225)  is  the  one  most  commonly  found  on  the  cornea.  It  may  come  on  inde- 
])endently  or  it  may  develop  on  cicatricial  tissue  the  result  of  a  previous 
ulceration.  There  is  a  tendency  to  return  after  removal.  Papilloma  may 
also  find  its  habitat  here. 

Malignant  growths  are  usually,  perhaps  always,  of  the  e})ithelial  variety, 
at  least  at  the  beginning,  and  are  commonly  secondary  to  similar  growths  on 
the  conjunctiva  or  sclera.  A  few  cases  of  sarcoma  appearing  primarily  on 
the  cornea  itself  have  been  reported.    Leprosy  may  attack  the  cornea. 

Congenital  Defects  of  the  Cornea. — The  most  common  of  these 
are  dermoid  tumors  of  various  kinds  (Fig.  226).    Usually  they  are  seated 


Fig.  225.— Fibroma  of  the  cornea  (after  Fig.  226.— Dermoid  of  the  limbus— colored  woman  aged 

Falchi).  twenty-one  years  (from  the  author's  clinic). 

on  the  corneo-scleral  margin,  and  are  sometimes  associated  with  some  other 
malformation  of  the  eye,  generally  coloboma  of  the  lid. 

Congenital  opacities  are  not  common,  but  a  number  of  cases  have  been 
recorded.  They  may  be  due  to  intra-uterine  inflammation  or  to  arrest  of 
development :  in  the  latter  case  the  two  eyes  are  apt  to  be  affected  in  approx- 
imately the  same  manner.  Congenital  staphyloma  has  been  described.  It 
may  be  associated  with  a  dermoid  growth. 

Microphthalmos  is  that  condition  in  which  the  entire  eye  remains  in  a 
rudimentary  state,  and  in  which  the  cornea  is  reduced  in  all  its  diameters. 

3Iegalophthalmos  (.see  Buphthalmos,  p.  385). 

Sclera phthalmia  is  that  condition  in  which,  owing  to  an  imperfect  differ- 
entiation of  the  sclera  and  cornea,  the  former  encroaches  on  the  latter,  so  that 
only  the  central  part  of  the  cornea  remains  clear.  Sometimes  only  the  upper 
half  of  the  cornea  is  affected. 

DISEASES  OF  THE  SCLERA. 

Kpiscleritis. — The  mo.st  common  form  of  scleral  inflammation  is  that 
known  as  episcleriti><,  in  which  the  subconjunctival  tissue  and  superficial 
layers  of  the  sclera  are  conjointly  affected. 

Symptoms. — E|MScleritis  manifests  itself  as  an  ill-defined  spot  of  infiltra- 
tion with  an  elevation  of  1  to  1.5  mm.  Its  seat  of  election  is  from  2  to  6  mm. 
distance  from  the  corneal  edge  and  to  the  outer  side.  Its  color  is  not  of  a  pure 
deep  red,  but  rather  of  a  bluish  or  violet  hue  ;  it  is  not  movable  on  the  ball  and 
is  more  or  less  sensitive  to  touch.  The  conjunctival  vessels  leading  up  to  it 
are  congested,  but  the  remaining  part  of  the  scleral  surface  is  usually  clear. 
There  are  in  most  cases  considerable  photophobia  and  lachrymation.  The 
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disease  is  tedious  in  its  course,  sometimes  running-  for  several  weeks,  and  is- 
subject  to  recurrences,  and  it  may  be  at  different  localities  on  the  ball. 

A  rheumatic  or  gouty  diatliesis  usually  lies  at  the  bottom  of  it,  but  it 
also  occurs  from  ex})osure  and  with  scrofula  and  menstrual  disorders.^ 

Treatment. — Genera!  treatment  must  be  along  tliese  etiological  lines. 
Large  doses  of  salicylate  of  sodium  often  have  a  good  effect  on  the  pain 
and  shorten  the  course  of  the  disease  ;  in  some  cases  pilocarjnn  sweats  are 
beneficial.  Subconjunctival  injections  of  bichlorid  of  mercury  or  physiolog- 
ical salt  solution  have  been  used  witli  good  effect.  Scarification  of  the  tissue 
has  also  been  recommended.  Heat  is  the  best  local  r(>medy,  and  may  be 
used  in  the  form  of  iiot  bathing  or  the  Jaj)anese  hot  box.  As  iritis  lias  been 
known  to  develop  during  its  course,  atropin  should  be  used  at  the  height  of 
the  disease  ;  but  if  there  is  no  iritis,  pilocarpin  or  eserin  locally  (gr.  y2~E^^-  ])> 
combined  with  cocain,  is  most  usefid.    Galvanism  has  been  recommended. 

Transitory  episcleral  Congestion. — This  is  tlie  name  given  to  a 
rather  sudden  and  sometimes  intense  iiyperemia  of  the  sclera  and  overly  ing 
conjunctiva,  lasting  from  a  few  hours  to  a  day  or  two. 

Fuchs  (1895)  calls  it  episcleritis  j)arti((/ is  fur/ax.  The  author  has  called  it 
a  vaso-motor  dilatation  of  the  vessels  (1892).  The  "hot-eye"  of  Hutchinson  is 
probably  of  the  same  nature.  The  affection  is  liable  to  recur  for  years,  and  is 
not  attended  with  danger  to  vision.  It  is  usually  painful  and  accompanied 
by  photophobia  and  lachrymation.    Exce])tionally  it  occurs  in  cliildren. 

Heat  for  the  relief  of  pain  is  called  for,  and  the  careful  em])loyment  of 
cocain  may  be  of  use.  Any  dyscrasic  condition,  especially  rheumatism  and 
gout,  must  be  attended  to. 

Deep  Scleritis. — Inflammation  of  the  sclera  as  a  whole  is  very  uncom- 
mon indej)endently  of  a  ])an(>]>hthaimitis.  But  the  deeper  layers  of  the  sclera 
can  become  inflamed,  tliougli  this  is  seldom  the  case,  except  in  connection  with 
inflammation  of  the  underlying  uveal  tract.  A  very  common  instance  of  deep 
scleritis  is  wliat  is  known  as  sclerotico-dioroiditis  posterior,  nearly  always 
found  in  high  grades  of  myo])ia  (posterior  staphyloma)  (see  page  221).  The 
inflammation  affects  the  anterior  part  less  commonly,  wiien  it  is  known  as 
anterior  scleritis. 

The  disease  nearly  always  begins  in  the  uveal  tract,  and  the  sclera,  be- 
coming soft,  yields  to  the  intraocular  pressure  and  bulges,  causing  a  ciliary 
staphyloma  which  may  be  equatorial.  There  may  be  more  than  one  staphy- 
loma, and  they  may  invade  the  edge  of  the  cornea.  They  are  bluish  in  color 
from  the  pigment  showing  tlirough  the  thin  scleral  tissue.  There  arc  con- 
siderable congestion,  Inehrymation,  and  ])hotophobia,  the  intensitv  of  the 
symptoms  depending  upon  the  amount  of  ciliary  or  iritic  involvement. 

In  a  less  intense  form  tiie  disease  may  be  chronic  and  last  for  years,  with 
recurrences.  Rheumatism,  gout,  and  syphilis  (gummatous  scleriti.s)  are  to  be 
counted  as  its  causes,  and  its  general  treatment  must  be  directed  to  the  cor- 
rection of  the  demonstrated  or  suspected  dyserasia.  Locally,  heat,  atropin, 
and,  when  the  staphyloma  is  thin,  a  pressure  bandage,  are  indicated. 

Tumors  of  the  sclera  generally  are  extensions  from  the  neighboring 
conjunctiva  or  cornea.  The  henir/n  ones  are  flbromas  enchondromas,  and 
the  malie/nant  ones  are  e])itheliomas  or  sarcomas. 

Melanosis  of  the  sclera  is  usually  congenital,  and  these  dark  spots 
are  common  in  tiie  negro  race.    Melanosis  may  occur  in  Addison's  disease. 

Abscess  of  the  sclera  has  been  observed.  It  is  usually  the  result  of 
injury,  and  seldom  idiopathic.  One  or  two  cases  of  osseous  degeneration  of 
the  sclera  have  been  reported. 
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DISEASES  OF  THE  IRIS. 

Congenital  Anomalies  of  the  Iris. — Heterophthalmos  is  the  con- 
dition where  the  irides  differ  in  cohjr.  One  iris  may  be  brown  and  the  other 
bhie.  Tiiese  differences  in  color  may  exist  in  the  same  iris,  so  tliat  one  part 
will  have  a  distinctly  different  nuance  from  its  immediate  surroundings.  The 
jMipillary  margin  of  the  iris  may  be  (piite  different  in  shade  from  its  peripheral 
portions.  Minute  areas  differing  in  color  are  not  infrequently  seen,  and 
sometimes  these  areas  assume  the  form  of  elevations  npon  the  surface  of  the 
iris.    (See  also  page  147.) 

Persistent  pupillary  membrane  is  the  remains  of  the  membrane  which 
occupied  the  pupillary  Held  during  fetal  life,  and,  according  to  Manz,  is  part 
of  a  laver  of  tissue  of  the  head-mesoderm  containing  vessels  and  surrounding 
the  secondary  ocular  vesicle  ;  this  layer  becomes  differentiated  into  a  posterior 
portion,  the  choroid,  and  an  anterior  portion,  the  membrana  piqnllarU  (see  also 
page  23).  What  is  seen  of  this  membrane  consists  only  of  a  number  of  fine 
(usually  pigmented)  threads,  anastomosing  with  one  another  and  arising  from 
the  anterior  surface  of  the  iris  and  near  the  free  border  of  the  latter;  in  other 
words,  from  the  circulus  iridis  inuior.  The  threads  are  never  present  in  any 
considerable  number,  for  rarely  more  than  ten  or  twelve,  and  usually  less,  are 
seen.  These  threads  after  converging  pass  across  the  posterior  chamber  and 
come  to  a  point  on  the  anterior  capsule  of  the  lens,  this  ])oint  being  frequently 


Fig.  227. — Persisting  pupillary  membrane:  1,  pupil  contracted  ;  2,  pupil  dilated  (Wickerkiewicz). 

marked  by  a  pigment  speck,  or  they  may  reach  the  anterior  capsule  at  different 
points.  It  is  seldom  that  the  threads  spring  from  all  sides  of  the  pupil,  but 
usually  from  one  or  two  points.    They  do  not  invariably  pass  across  to  the 
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lens  capsule,  but  after  running;  out  for  quite  a  distance  into  the  pupillary 
field  they  return  to  the  iris  to  be  inserted  near  their  point  of  origin. 

A  persistent  i)upillary  membrane  is  not  infrequently  confounded  with  the 
syncchiiv  which  remain  after  an  iritis,  but  the  oblique  illumination  will  reveal 
the  true  nature  of  the  atlection.  ^Moreover,  the  \)\\\)\\  dilates  symmetrically  to 
its  full  extent  in  the  former  condition,  while  in  the  latter  case  irregularities 
may  be  seen  in  the  contour  of  the  pupil  (Fig.  227). 

According  to  Fuchs,  ])ersistent  pupillary  membrane  is  of  comparatively 
frequent  occurrence  in  the  new-born.  Jacob  and  others '  have  succeeded  in 
injecting  these  threads  soon  after  birth,  thus  showing  that  the  threads  are 
vessels.  As  is  well  known,  these  threads  undergo  atrophy  and  are  obliterated 
in  the  ordinary  course  of  events.    This  affection  is  not  often  seen  in  both  eyes. 

The  disturbance  in  vision  is  slight,  depending  iqion  the  number  of  threads 
and  the  extent  to  which  the  anterior  capsule  is  involved.  The  condition 
practically  never  demands  operation,  though  von  Graefe  resorted  to  oj)era- 
tion  where  the  vision  was 

Coloboma  of  the  Iris. — This  is  one  of  the  most  frequent  malformations 
met  with  in  the  eye.  It  consists  of  an  oval-shaped  fissure  or  gap  in  the  iris, 
which  has  the  effect  of  prolonging  the  pupil  in  a  direction  usually  down- 
ward and  a  little  inward,  A  complete  coloboma  is  where  the  fissure  separates 
the  iris  in  its  entire  breadth,  and  an  incomj)lefc  coloboma  is  one  where  the 
cleft  stops  short  of  the  ciliary  border  of  the  iris.  The  coloboma  is  usually 
smaller  at  its  ciliary  end,  though  the  reverse  of  this  has  been  observed  quite 
often,  in  such  cases  the  borders  being  almost  parallel  instead  of  convergent. 
There  is  often  seen  just  within  the  pupillary  end  of  the  fissure  a  slight  con- 
striction which  gives  to  the  pupil  and  coloboma  together  the  appearance  of  a 
keyhole.  Sometimes  the  pupillary  ends  of  the  fissure  are  bridged  over  by  a 
slender  membrane  or  a  thread,  forming  what  has  been  described  as  the  brkJge- 
coloboma.  In  those  cases  where  a  thread  has  been  formed  the  latter  is  sup- 
posed to  be  the  remains  of  a  pupillary  membrane. 

Coloboma  is  generally  bilateral,  though  Manz  is  of  the  opinion  that  the 
affection  is  more  frequently  monolateral.  In  the  latter  variety  the  other  eye 
often  exliibits  peculiarities,  either  in  the  color  of  the  iris  or  in  the  shape  of 
the  pupil. 

The  congenital  coloboma  is  distinguished  from  the  artificial  coloboma  by 
the  presence  in  the  former  of  the  sphincter,  while  in  the  latter,  i.  e.  in  an 
artificial  coloboma  (as  after  an  iridectomy),  the  sphincter  has  been  excised 
along  the  margin  of  the  coloboma. 

Coloboma  of  the  iris  is  due  to  incomplete  closure  of  the  ocular  fissure  (page 
22),  and  along  with  this  condition  coloboma  of  the  choroid  often  exists,  and 
sometimes  the  fissure  is  seen  in  the  ciliary  body  and  lens,  and  even  in  the  optic 
nerve  and  macular  region.  It  is  not  infrequently  associated  with  micro})h- 
thal  mos  and  cataract  (either  congenital  or  acquired),  and  other  fissures  which 
usually  close  in  fetal  life  may  be  seen  to  have  persisted,  forming  harelip  and 
coloboma  of  the  lids. 

The  direction  of  the  iris-coloboma  is  usually  downward  and  inward,  but 
exceptions  to  this  rule  have  been  observed ;  for  example,  the  coloboma  may 
be  u])  and  in,  up  and  out,  inward,  outward,  or  downward.  The  accompanv- 
ing  illustration  is  from  a  i)hotogra]ih  (Fig.  228)  of  one  of  the  very  few  cases 
reported  wliore  the  coloboma  was  directed  upward.  The  case  was  first  put  on 
record  several  y(>ars  ago  by  Theobald.^ 

*  Med.-Chimrg.  Trans.,  London,  vol.  xii.  p.  515. 
^  Trans.  Amer.  Ophthal.  Soc,  vol.  v.  p.  99. 
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The  possible  explaiuitioii  of  the  muisiial  locations  for  the  coloboma  is 
that  the  ocular  vesicle  made  a  quarter  or  half  a  revolution  about  its  long 
axis. 

No  satisfactory  explanation  has  been  oflPerecl  for  the  failure  of  the  ocular 
fissure  to  close.  Some  regard  it  as  simply  an  instance  of  retarded  develop- 
ment, while  others  think  that  inflammation  must  have  played  a  part  in 


Fig.  228.— Coloboma  of  the  iris  with  the  coloboma  directed  upward. 


producing  the  defect.  The  role  played  by  heredity  in  this  affection  is  cer- 
tainly worthy  of  consideration. 

Irideremia,  or  Aniridia. — This  is  a  condition  in  which  the  iris  is  either 
completely  absent  or  in  which  only  one  or  more  segments  remain.  When  the 
irideremia  is  complete,  it  is  possible  to  see  the  entire  lens,  which  is  often  so 
exposed  that  even  when  cataract  is  present  there  is  good  sight,  there  being 
space  enough  between  the  edge  of  the  lens  and  the  ciliary  processes  for 
the  light  to  pass  through.  VVhen  the  irideremia  is  incomplete  there  is  an 
absence  of  the  iris  at  certain  points,  so  that  only  a  segment  remains  here  and 
there.  The  narrow  rim  of  iris  which  is  sometimes  seen  just  behind  the 
corneo-scleral  junction  all  the  way  around  is  not  incomplete  irideremia. 

Myopia,  hyperopia,  astigmatism,  and  amblyopia  are  often  present  in 
irideremia  ;  also  a  cloudy  cornea.  Cataract  is  not  infrequently  found  asso- 
ciated with  it,  generally  in  the  form  of  the  anterior  or  posterior  polar 
cataract,  which  in  these  cases  is  usually  congenital.  It  should  be  said,  how- 
ever, that  eyes  affected  with  irideremia  are  peculiarly  prone  to  cataract,  so 
that  this  last-named  condition  may  make  its  appearance  any  time  after  birth. 

Irideremia  is  almost  always  a  binocular  affection.  As  regards  its  etiology, 
heredity  undoubtedly  plays  an  important  role.  The  affection  is  clearly  one 
of  retarded  development. 

Under  this  head  should  be  mentioned  those  cases  where  there  is  a  narrow 
rim  of  iris  springing  out  all  the  way  around  in  front  of  the  peri]:»hery  of 
the  lens.  This  condition  is  one  step  removed  from  irideremia,  and' is  really 
an  instance  of  rudimentary  development  of  the  iris. 
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The  wearing:  of  tiark  glasses  in  irideremia  sometimes  gives  great  relief, 
or  spectacles  with  a  stenopaic  slit. 

Ectopia  Pupillae  {Ecventrk'  Position  of  the  Pupil;  Coi-ectopia).-— The 
normal  situation  of  the  puj)il  is  not  exactly  in  the  center  of  the  iris,  but 
a  little  below  and  to  the  inner  side  of  the  center.  Sometimes  the  pu])il 
is  found  eccentrically  located.  It  may  be  near  the  normal  site,  and  again 
it  may  be  remote  from  this  situation,  as,  for  instance,  near  the  ciliary  border. 
Such  a  pupil  is  long-oval  in  shape,  rarely,  if  ever,  round.  The  most  usual 
location  is  downward  and  inward,  though  it  has  been  observed  upward. 

We  are  com|)letcly  in  the  dark  as  to  the  origin  of  ectopia.  Some  authors 
believ(>  that  tiie  condition  is  closely  allied  in  its  origin  to  coloboma  of  the  iris, 
and  give  as  a  reason  that  tlie  misplacement  is  nearly  always  at  the  most  fre- 
quent location  for  coloboma.  Others  hold  the  opinion  that  ectopia  jiupillse  is 
due  to  a  lack  of  development  of  the  muscular  elements  of  the  iris  at  a  certain 
point,  with  ])()ssibly  an  excessive  development  of  the  same  elements  at  a 
point  opposite,  the  effect  being  to  pull  over  the  ])upil  to  the  stronger  side. 

A  not  infrequent  complication  of  ectopia  pupilhe  is  a  dislocated  lens. 

Dyscoria  (Fault i/  Pupil). — This  is  a  condition  in  which  the  pupil  is 
faulty  or  irregular  in  shape,  and  is  usually  brought  about  by  the  presence 
of  little  excrescences  on  the  margin  of  the  pupil.  These  excrescences  may 
attain  such  a  size  as  even  to  meet  at  different  points  in  the  pupillary  field, 
leaving  only  here  and  there  small  openings — a  condition  called  rorcsteiioma 
congenitum  (Von  Amnion),  aho  poli/coria.  The  condition  is  not  infrequently 
seen  in  horses.    The  nature  of  these  excrescences  is  not  known. 

Motor  Disturbances  of  the  Iris. — The  movements  of  the  iris  con- 
sist in  dilatation  and  contraction  of  the  Jiupil,  and  a  motor  disturbance  of 
the  iris  means  an  affection  which  is  characterized  by  some  alteration  in  the 
size  of  the  pujiil. 

Mydriasis  and  Myosis. — An  alteration  in  the  size  of  the  pupil  may 
show  itseJf  in  either  persistent  dilatation  (nii/dria.sis)  or  contraction  (mi/osis) 
of  the  pupil,  or  in  a  condition  in  which  the  pupil  is  incessantly  dilating  and 
contracting  (see  also  page  149). 

Hippus. — This  condition  is  one  which  is  characterized  bv  constant  dilata- 
tion and  contraction  of  the  jiupil.  It  is  really  a  clonic  spasm  of  the  sphincter 
puj)ill{e  (see  also  page  151). 

Iridodonesis  (iri.s  tremulam)  is  a  tremulous  movement  of  the  iris  when- 
ever the  eyeball  is  moved,  and  is  due  to  loss  of,  or  defective  support  of, 
the  iris.  The  condition  is  often  seen  after  cataract  extraction,  especially 
the  simple  extraction.  It  is  observed  in  cases  of  fluid  vitreous  where 
trophic  changes  have  taken  ])lace  in  the  lens  and  the  latter  has  become 
smaller  ;  in  congenital  cataract  where  the  lens  has  undergone  calcareous 
degeneration  and  shrinkage  ;  and,  finally,  in  luxation  of  the  lens.  Although 
not  a  functional  motor  disturbance  of  the  iris,  iridodonesis  is  conveniently 
referred  to  in  this  ])lacc. 

Hyperemia  of  the  Iris.— Hyperemia  of  the  iris  is  characterized  by  a 
change  in  the  color  of  the  iris,  which  assumes  a  yellowish-red  shade,  so  that 
a  blue  or  gray  iris  ajipears  greenish,  and  a  brown  "iris  will  have  in  it  a  sugges- 
tion of  red.  In  dark  eyes,  however,  this  discoloration  is  not  so  marked  as 
it  is  in  eyes  of  the  blond  type.  As  a  rule,  this  symptom  is  more  noticeable 
in  cases  of  hyperemia  than  in  conditions  of  marked  iritis,  where  the  iris  is 
the  seat  of  structural  changes,  and  where  the  aqueous  humor  is  filled  with 
the  products  of  the  inflammation.  De  Wecker  remarks  npon  the  frequency 
with  which  a  similar  discolonition  of  the  iris  occurs  in  severe  subconjunctival 
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hemorrhages,  and  he  thinks  that  in  sucli  cases  it  is  due  to  the  fact  that  either 
tlie  iris  or  the  aqueous  humor  has  become  infiltrated  with  the  sohible  coloring 
matter  in  the  blood. 

In  cases  of  chrouic  hyperemia  there  is  a  discoloration  of  the  iris  due  to 
changes  in  the  pigment-cells,  and  a  complete  disappearance  of  the  pigment  at 
the  pupillary  border,  which  becomes  ragged  and  notched.  These  clianges 
are  only  seen  after  the  hyperemia  has  existed  for  a  long  time.  The  same 
appearance  of  the  iris  is  seen  in  very  old  people  without  coincident  hyperemia, 
and  is  attributable  to  aemle  changes  in  the  iria. 

In  hyperemia  of  the  iris  the  pupil  no  longer  reacts  as  it  does  nor- 
mally, but  remains  more  or  less  contracted  ;  and  this  sluggishness  of  the 
pupil  is  even  noticeable  when  atro])in  is  used,  several  instillations  of  the 
mydriatic  being  required  to  secure  full  dilatation.  One  of  the  first  symptoms 
of  hyperemia  of  the  iris  is  the  pcvicorneal  congestion,  which  is  of  the  charac- 
ter peculiar  to  affections  of  the  uvea  and  cornea,  and  consists  of  a  number  of 
very  fine  vessels  situated  in  the  episcleral  tissue  and  running  out  in  straight 
lines  from  the  corneal  margin,  forming,  as  it  were,  a  sort  of  fringe  to  the  latter 
structure. 

Etiology. — Hyperemia  of  the  iris  often  leads  to  inflammation  of  the  iris ; 
indeed,  it  might  be  said  that  every  iritis  is  preceded  by  a  stage  of  hyperemia. 
The  cause  of  hyperemia,  then,  may  be  sought  for  in  anything  which  will  pro- 
<luce  an  iritis.  Inflammation  in  structures  anatomically  connected  with  the 
iris  may  bring  about  hyperemia  in  the  latter;  for  instance,  keratitis,  partic- 
nlarly  tiie  phlyctenular  form.  A  foreign  body  on  the  cornea  or  the  effect 
upon  the  cornea  of  a  caustic  agent  will  produce  very  quickly  hyperemia  of 
the  iris.  Inflammations  of  the  choroid  and  ciliary  body  are  fruitful  sources 
of  this  phenomenon,  and  the  same  may  be  said  of  affections  of  the  sclera ; 
for  instance,  e])iscleritis. 

Treatment. — Rest,  dark  glasses,  and  the  instillation  of  atropin.  An 
investigation  into  the  cause  of  the  hyperemia  will  suggest  the  proper  general 
treatment. 

Iritis  {Inflammation  of  the  Iri.s). — The  two  most  frequent  causes  of  iritis 
are  probably  syi)hilis  and  rheumatism,  and  yet  there  is  no  constant  and  dis- 
tinctive symptom  by  which  we  can  infallibly  recognize  which  diathesis  is 
present.  Symptoms  which  one  author  regards  as  characteristic  of  syphilitic 
iritis  are  mentioned  by  another  as  belonging  also  to  rheumatic  iritis,  and  vice 
versa.  If  all  cases  of  iritis  of  syphilitic  origin  presented  the  characteristic 
formation  of  nodules,  it  would  be  reason  enough  for  making  syphilitic  iritis 
one  grand  division  of  the  subject ;  but,  in  spite  of  the  fact  that  by  far  the 
majority  of  cases  of  iritis  are  due  to  syphilis,  the  ajipearance  of  nodules 
(macroscopically)  is  the  exception  rather  than  the  rule. 

Iritis  of  rheumatic  origin  is  supposed  by  some  authors  to  be  peculiar  in 
its  great  tendency  to  recurrence,  but  it  is  doubtful  whether  iritis  of  this  type 
possesses  greater  liability  to  recur  than  the  sy])hilitic  form.  Exception  might 
be  made  of  those  cases  of  iritis  seen  with  arthritis  deformans,  especially  in 
young  persons.  In  such  cases  the  prognosis  is  bad,  owing  to  the  persistency 
of  the  constitutional  affection.  Iritis  of  syphilitic  origin  is  constantly  encoun- 
tered where  recurrent  attacks  have  been  making  their  appearance  for  years. 
In  both  syphilis  and  rheumatism  iritis  will  be  ai)t  to  reappear  so  long  as 
the  constitutional  disease  is  present.  Inasmuch,  then,  as  it  confuses  the  sub- 
ject to  treat  it  from  a  diathetic  point  of  view,  the  old  divisions  of  iritis — 
plastic,  serous,  and  parenchymatous — although  by  no  means  free  from 
objections,  will  be  followed. 
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Objective  Symptoms.— The  di^^ease  in  general  is  characterized  by  all 
the  symptoms  which  have  been  described  in  connection  with  hyperemia  of  the 
iris,  except  that  tiiese  symptoms  now  are  more  intense  and  are  associated  with 
an  exudate.  Tiiis  exudate  may  be  thrown  out  froin  the  posterior  surface  of 
the  iris  and  into  the  posterior  chamber,  causing  adliesions  between  the  anterior 
surface  of  the  lens  capsule  and  the  posterior  surface  of  the  \Y\i^  {posterior 
»ynechue).  Sometimes,  though  not  often,  there  is  complete  adhesion  of  the 
posterior  surface  of  the  iris  to  the  anterior  surface  of  the  lens — a  condition 
known  as  total  posterior  synechia. 

The  exudate  on  the  posterior  surface  of  the  iris  is  found  in  the  pigmentary 
layer,  and  the  region  where  the  synechije  are  most  apt  to  occur  is  about  the 
pupil,  for  here  the  iris  is  in  contact  with  the  lens-capsule.  The  exudate  may 
be  found  also  on  the  anterior  surface  of  the  iris,  and  it  may  be  thrown  out 
into  the  aqueous  humor,  and,  drop])ing  to  the  bottom  of  tlie  anterior  chamber, 
form  a  hypopyon^ ;  or  it  may  be  found  in  the  cornea  in  the  sha]>e  of  small 
points  situated  in  the  membrane  of  Descemet  (so-called  keratitis  punctata,  see 
page  327).  Sometimes  the  exudate  is  poured  out  into  the  pupillary  field,  in 
which  case  it  usually  proceeds  from  the  anterior  surface  of  the  iris.  In  such 
cases  the  iris-reflex  is  lost.  Finally,  the  exudate  occurs  in  the  substance 
proper  of  the  iris,  and  shows  itself  by  swelling  of  the  iris,  which  is  often 
thrown  into  folds. 

It  may  be  stated  broadly  that  when  the  exudate  is  mostly  confined  to  the 
region  about  the  pupil  we  are  dealing  with  plastic  iritis;  that  when  the 
exudate  is  found  in  the  anterior  chamber  and  uj)on  the  posterior  surface  of 
the  cornea  we  are  dealing  with  serous  iritis ;  and,  finally,  that  when  the  iris  is 
swollen  and  thrown  into  folds  we  have  before  us  the  parenchymatous  variety 
of  the  disease. 

According  to  De  Wecker,  neither  the  j)lastic  nor  the  serous  form  of  iritis 
is  apt  to  leave  lasting  changes  in  the  iris,  w  hile  in  parenchymatous  iritis  there 
is  more  or  less  obliteration  of  vessels  and  disa])pea ranee  of  pigment. 

Iritis  Simplex  or  Plastic  Iritis. — Pericorneal  congestion  is  always  pres- 
ent in  this  form  of  iritis,  and  its  varying  intensity  offers  good  evidence 
of  the  grade  of  the  disease.  In  very  light  cases  of  plastic  iritis  the  peri- 
corneal congestion  may  be  so  insignificant  as  easily  to  be  overlooked,  while  at 
other  times  it  may  show  itself  in  cheinosis,  though  this  is  rare  even  in  the 
most  intense  inflammations  of  the  iris.  The  cornea  does  not  ]>articipate, 
though  on  superficial  glance  tiiis  does  not  seem  to  be  the  case.  0()lique  illu- 
mination, however,  will  show  that  what  at  first  sight  seems  to  be  a  dulness  of 
the  cornea  is  nothing  more  than  a  loss  of  the  iris  reflex,  due  to  the  exudate 
upon  the  anterior  surface  of  the  iris  and  to  the  slightly  cloudy  aqueous  humor. 
A  cloudy  aqueous  humor  is  not  a  noticeable  feature  in  this  variety  of  iritis, 
while  it  is  a  condition  quite  characteristic  of  serous  iritis. 

The  pupil  is  contracted  and  sluggish,  and  shows  no  response  to  the  usual 
tests.  This  condition  of  the  pupil  often  persists  in  spite  of  the  use  of  a 
mydriatic,  and  frequent  instillations  will  be  necessary  to  get  the  same  dilata- 
tion which  ordinarily  can  be  obtained  by  one  instillation.  The  explanation 
of  this  must  be  sought  for  not  only  in  the  ciliary  irritation,  and  in  the  dimin- 
ished activity  of  the  dilator  fibers  caused  by  their  infiltration  with  inflamma- 
tory products,  but  also  in  the  necessary  loss  of  activity  in  a  tissue  which  is 
inflamed  and  swollen  ;  and,  finally,  in  the  presence  of  the  exudates  which  bind 
the  border  of  the  puj)il  to  the  anterior  capsule  of  the  lens.    These  exudates 

'  Sometimes  a  gelatin-like  mass  is  deposited  in  the  anterior  chamber,  which,  when  it  con- 
solidates, resembles  a  dislocated  lens.    This  is  the  so-called  spongy  iritis. 
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may  be  seen  by  oblique  illumination.  Several  instillations  of  atropin  will 
bring  out  strikingly  the  deformities  in  the  ])upil  ;  tliose  parts  of  the  pupil 
whieh  are  not  adherent  will  respond  to  the  mydriatic,  while  the  points  which 
are  bound  down  to  the  lens  will  remain  fixed. 

Sometimes  the  entire  pupillary  margin  is  adherent  to  the  capsule  of  the 
lens — a  condition  known  as  seclusion  of  the  pupil.  This  kind  of  synechia  is 
not  usually  the  result  of  one  attack  of  iritis,  but  is  found  as  a  sequel  of  sev- 
eral recurrent  attacks.  At  other  times  the  pupillary  field  is  completely  filled 
with  a  mass  of  exudate,  producing  the  condition  known  as  occlusion  of  the 
pupil.  If  the  adhesions  are  slight,  they  can  be  broken  loose  by  the  action 
of  atropin,  and  when  this  is  done  small  pigment-specks  may  be  seen  on  the 
surface  of  the  lens,  marking  the  points  where  the  iris  was  adherent. 

Serous  Iritis. — Instead  of  a  plastic  exudate,  there  may  be  an  exudate, 
serous  in  character,  containing  solid  elements,  which  are  always  to  some 
extent  deposited  upon  the  posterior  surface  of  the  cornea.  There  seems  to  be 
an  increased  secretion  of  the  aqueous  humor,  and  the  latter  is  quite  cloudy. 
The  deposits  upon  the  membrane  of  Descemet  are  sometimes  very  fine,  and 
are  to  be  seen  as  small  whitish  or  yellowish-white  dots  which  can  be  brought 
out  by  oblique  illumination  or  by  examination  with  a  strong  convex  lens  (see 
Fig.  221).  These  deposits  are  sometimes  found  on  the  anterior  capsule  of  the 
lens.  Synechise  are  not  as  prominent  symptoms  in  the  earlier  stages  of  this 
variety  of  iritis  as  they  are  in  the  plastic  form,  although  they  appear  ulti- 
mately and  contribute  very  materially  to  the  grave  prognosis. 

Atropin,  therefore,  will  not  disclose  irregularities  in  the  contour  of  the 
pupil  to  the  same  extent  as  in  plastic  iritis,  and  frequently  the  pupil  is  sym- 
metrically dilated,  though  never  ad  maximum.  The  pericorneal  congestion  is 
usually  slight.  The  tension,  as  a  rule,  is  elevated,  due,  no  doubt,  to  the 
hypersecretion  going  on  within  the  eye.  The  pupil  by  its  dilatation  shows 
the  effect  of  this  increased  tension. 

It  is  more  than  probable  that  in  serous  iritis  the  entrance  to  Schlemm's 
canal  is  blocked  with  exudate — a  condition  which  of  itself  would  be  apt  to 
bring  about  glaucomatous  symptoms.  As  a  rule,  hypopyon  is  absent  in  serous 
iritis.  Opacities  in  the  vitreous  body  are  very  common,  and  degeneration  of 
this  part  of  the  eye  usually  follows  sooner  or  later.  Ultimately,  the  inflam- 
mation affects  the  whole  eye. 

Parenchymatous  Iritis. — In  this  form  of  iritis  the  inflammation  attacks 
the  iris  tissue  itself.  Instead  of  an  exudate  on  the  anterior  or  posterior 
surface  of  the  iris,  the  exudate  is  found  within  the  iris.  The  swelling, 
which  is  always  present,  is  often  circumscribed,  and  ])roduces  an  impression 
as  though  there  were  nodules  within  the  iris.  The  masses  of  exudate  are 
pigmented,  and  are  found  around  the  pujiillary  margin,  often  binding  the  iris  to 
the  anterior  capsule  of  the  lens.  Sometimes  these  exudates  find  their  way  into 
the  anterior  chamber,  and,  settling  at  the  bottom  of  the  latter,  form  hypo- 
pyon ;  at  other  times  they  are  tlirown  out  into  the  posterior  chamber.  Even 
the  pupil  is  sometimes  filled  with  these  yellowish  masses.  The  appearance 
of  the  iris  is  dull,  and  pericorneal  congestion  is  usually  intense.  There  often 
may  be  seen  the  formation  of  little  yellowish-red  nodules  traversed  by 
blood-vessels,  practically  what  is  observed  in  the  so-called  syphilitic  iritis, 
and  designated  iritis  papulosa.  (Fuchs)  when  occurring  in  the  secondary  stage 
of  syphilis  ;  iritis  gummosa,  in  the  tertiary  stage. 

A  typical  parenchymatous  iritis  may  be  produced  in  rabbits  by  injecting 
a  drop  of  a  susjiension  of  the  staphylococcus  aureus  into  the  anterior  chamber, 
the  inflammation  being  attended  with  the  formation  of  small  elevations  on 
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tlie  iris  and  nodular  masses  at  tlie  pupillary  border,  not  unlike  the  appear- 
ances visible  in  the  same  disease  in  man. 

In  i)ar('nchymatous  iritis  there  is  often  present  a  pupillary  membrane 
which  stretches  over  the  entire  pu])illary  area.  Sometimes  a  purulent  infil- 
tration of  the  iris  {purulent  iritis)  occurs,  with  a  deposit  of  leukocytes  in 
the  anterior  chamber.  Parenchymatous  iritis,  .so  Ion*;'  as  it  confines  itself  to 
the  iris,  may  leave  the  eye  uuimj)aired  in  its  functions. 

De  We'cker  calls  attention  to  the  ])eculiar  nature  of  the  hypopyon  in 
these  cases.  It  ditlcrs  from  the  hypopyon  seen  in  keratitis,  because  it  is 
much  thinner  and  changes  its  position  with  every  movement  of  the  head, 
and  is  remarkable  for  the  rapidity  with  which  it  undergoes  absorption,  fre- 
quently disa])pcaring-  in  the  course  of  a  fcM'  hours. 

Subjective  Symptoms  of  Iritis. — AMiile  iritis  may  exist  without  pain 
(as  is  often  the  case  in  the  serous  form),  as  a  rule  this  is  a  prominent 
svmptom.  The  pain  is  not  referred  so  much  to  the  eyeball  as  to  the  tem])les 
and  forehead  and  the  neighboring  regions  supjilicd  by  branches  of  the  fifth 
pair,  and  is  of  a  boring  cliaracter  and  apt  to  be  more  intense  at  night.  The 
pain  is  not  only  the  result  of  ])ressure  upon  the  ciliary  nerves  by  the  products 
of  the  infiammation,  but  also  the  result  of  an  actual  involvement  of  these 
nerves  in  the  inflammatory  })rocess.  Pain,  however,  is  no  absolutely  reliable 
intlex  of  the  grade  of  an  iritis.  Plastic  iritis,  as  a  rule,  is  characterized  by 
more  pain  than  the  parenchymatous  fcrm,  yet  one  would  be  disposed  to 
expect  the  opj)osite.  Fournier,'  among  others,  has  called  attention  to  the 
fact  that  parenchymatous  iritis,  in  s])ite  of  the  extensive  anatomical  changes 
present,  is  often  associated  with  little  or  no  pain. 

Lachrvmation  and  photophobia  vary  with  the  ciliary  neuralgia.  Visual 
disturbance  is  always  present,  and  varies  in  degree  with  the  clouding  of  the 
aqueous  humor  and  with  the  extent  to  which  the  })U])illarv  area  is  occupied 
with  exudates.  In  serous  iritis  the  disturbance  in  vision  may  be  explained 
by  changes  in  the  vitreous  body  and  choroid,  and  even  in  the  optic  nerve. 
Finally,  such  constitutional  symptoms  as  fever  and  nausea  have  been  occa- 
sionally observed,  and  a  coated  tongue  is  a  frequent  accompaniment. 

Etiolog-y. — The  causes  which  give  rise  to  iritis  are  local  im(\  constitutional. 
Among  the  first  class  are  foreign  bodies  in  the  cornea,  which  have  remained 
there  for  a  considerable  length  of  time  ;  the  careless  and  continued  use  of 
caustic  agents ;  ])enetrating  wounds  of  the  eyeball  ;  and  swollen  masses  of 
lens-matter.  Iritis  may  arise  from  an  inflammation  of  the  cornea,  sclera, 
ciliary  body,  or  choroid,  in  M  hich  cases  iritis  extends  by  continuity  of  tissue. 
Finally,  iritis  may  arise  from  trouble  in  the  other  eye — sympathetic  oph- 
thabnitis. 

Among  the  diatheses  which  give  rise  to  iritis,  {■ii/phili.9  stands  easily  first. 
Indeed,  nearly  75  per  cent,  of  all  cases  of  iritis  can  probably  be  traced  to 
this  source.  The  iritis  is  generally  of  the  ]>lastic  variety,'  although  the 
parenchymatous  form  may  occur.  It  shows  itself  generally  in  the  secondary 
stage  of  syphilis,  and  when  the  parenchymatous  form  of  the  disease  prevails 
there  are  often  seen  small  nodules  either  at  the  margin  of  the  ])U])il  or  at  the 
ciliary  border  of  the  iris,  and  at  these  points  there  are  nsuallv  synechia?. 
When  the  nodules  di.sappear  there  may  remain  in  the  iris  atro])hic  areas.  While 
the  presence  of  these  nodules  probably  justifies  the  surgeon  in  diagnosticating 
the  case  as  one  of  syi^hilitic  iritis,  it  should  be  remembered  that  in  the  majority 
of  cases  of  iritis,  where  a  syphilitic  origin  is  clearly  demonstrable,  a])parently 
no  nodules  are  present.  The  nodules  may  attain  quite  a  large  size,  and  several 
1  "Des  Affections  oculaires  d'origine  syphilitique,"  Journal  d'Op/iial.  de  Paris,  pp.  495-543. 
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of  them  may  fill  the  anterior  chamber,  and,  increasing  in  size,  may  burst 
through  the  envelopes  of  the  eye.  Tiiis  termination  is  rare.  Hereditary 
syphilis  seldom  gives  rise  to  iritis,  and  when  it  does  the  subjects  are  usually 
young  people,  just  as  is  the  case  with  interstitial  keratitis. 

U/ieumatism  (articular)  is  another  not  infrequent  cause  of  iritis.  Two 
such  cases  the  writer  has  in  mind — one,  a  boy  fourteen  years  old,  who  has 
not  walked  for  four  years,  and  who  is  completely  disabled  from  articular 
rheumatism  ;  the  other,  a  young  woman  nineteen  years  of  age,  'who  has  been 
confined  to  her  bed  for  eight  years.  The  girl  has  only  light  perception,  her 
pupils  being  entirely  bound  down  by  adhesions,  while  in  the  case  of  the  boy 
there  is  seclusion  of  the  pupil  in  one  eye,  and  the  other  eye  possesses  only 
sufficient  sight  to  allow  him  to  see  large  objects.  Both  these  patients  have 
had  skilful  treatment,  which  has  availed  but  little,  owing  to  the  intensity  of 
the  constitutional  affection. 

It  is  doubtful  whether  the  rheumatic  diathesis  gives  rise  to  distinctive 
ocular  symptoms,  though  some  authors  speak  of  the  peculiarity  of  the  epis- 
cleral and  pericorneal  congestion.  As  might  be  inferred,  rheumatism  of  the 
character  seen  in  the  two  cases  just  mentioned,  when  associated  with  iritis, 
would  probably  be  the  occasion  of  recurrent  attacks  of  the  eye-affection. 
In  this  connection  it  should  be  said  that  gout  often  gives  rise  to  iritis. 

Gonorrhea  sometimes  causes  iritis.  In  such  a  case  no  doubt  there  is  a 
general  infection,  although  it  is  not  at  all  probable  that  the  gonococcus  gets 
into  the  intraocular  circulation,  but  its  toxins  reach  the  eye  and  there  give 
rise  to  iritis.  Inflammation  of  the  knee-joint  commonly  precedes  the  eye- 
affection.  When  iritis  is  found  as  a  result  of  gonorrhea,  it  shows  a  tendency 
to  recur,  and  is  frequently  associated  with  a  renewal  of  the  pains  and  swell- 
ing in  the  joint. 

Scrofula  (scrofulous  iritis)  sometimes,  but  rarely,  gives  rise  to  iritis,  and, 
as  is  the  case  with  hereditary  syphilis,  the  subjects  are  young  persons. 
According  to  Fuchs,  iritis  in  these  cases  is  marked  by  the  appearance  of 
lardaceous-looking  deposits  or  exudates,  which  seem  to  grow  out  from  the 
sinus  of  tlie  chamber.  Anemia  may  be  associated  w^ith  an  iritis  of  this 
character. 

Relapsing  fever  (iritis  in  acute  infectious  diseases),  typhus  and  typhoid, 
small-pox,  cerebrospinal  meningitis,  pyemiia,  and  e\'en  epidemic  influenza 
(grippe),  have  been  known  to  cause  iritis.  Inflammation  of  the  iris  in 
relapsing  fever  is  very  tedious  in  its  course.  Iritis  is  occasionally  caused 
by  malaria  {periodic  iritis)  and  by  irregularities  of  menstruation  (^iritis 
catamoiali.s). 

Diabetes  {diabetic  iritis)  is  another  very  rare  cause  of  iritis.  In  spite  of 
the  fact  that  hypopyon  is  often  observed  in  tliis  variety  of  iritis,  the  course 
of  the  disease  is  usually  favorable. 

Tuberculosis  in  other  organs  may  give  rise  to  iritis  (tubei-culoufi  iritis), 
although  such  an  origin  is  not  often  seen.  Tuberculosis  shows  itself  in  the 
iris  eitlier  in  the  form  of  grayish-red  nodules  or  as  a  solitary  tubercle 
resembling  a  neoplasm.  Children  are  usually  the  subjects.  While  it  is  a 
very  rare  affection,  its  nature  is  well  understood,  for  Cohnheim  lias  produced 
the  disease  ex])erimentally  in  rabbits  by  introducing  small  pieces  of  tuber- 
culous material  into  the  anterior  chamber.  The  immediate  effect  of  this 
operation  is  apparently  negative,  but  within  a  month  iritis  sets  in  and  the 
characteristic  gray  nodules  apjiear.  These  increase  in  numl)er  till  they  fill 
up  the  anterior  chamber,  when  (unless  the  animal  dies)  they  may  break 
throuofh  the  coats  of  the  eye.    This  is  the  disseminated  form  of  the  affection. 
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The  little  nodules  are  usually  located  at  the  pupillary  margin.  In  man  the 
disease  is  generally  followed  by  a  plastic  irido-cyclitis  and  loss  of  the  eye. 

'ri(bcrcuhms  of  the  iris  also  occurs  as  a  solitary  tubercle.  This  tubercle 
more  often  aj^pears  alone,  though  it  may  exist  along  with  the  nodules. 
When  .alone  the  symptoms  of  iritis  can  be  absent — that  is,  for  a  certain 
period  of  its  histt)ry— although  iritis  ultimately  appears.  It  was  regarded 
by  von  Graefe  at  first  as  a  tumor,  and  described  as  such  under  the  name 
oi'  (jrdnuloina.    llaab  first  demonstrated  its  true  nature. 

The  disseminated  form  may  occur  in  both  eyes,  but  the  solitary  form  has 
only  been  observed  in  one  eye.    In  both  varieties  the  eye  is  usually  lost. 

Mention  may  be  made  here  of  what  has  been  called  recurrent  iritis,  where 
the  patient  for  months  may  be  free  of  the  disease  and  suddenly  an  outbreak 
will  occur.  Both  eves  are  usually  affected,  but  rarelv  at  the  same  time. 
Synechife  are  frequently  left  after  an  attack,  and  it  has  been  thought  that 
their  presence  determined  subsequent  attacks,  but  it  is  more  than  probable 
that  some  persistent  constitutional  affection  (generally  syphilis)  is  responsible 
for  the  recurrences.  It  has  been  observed  that  men  more  often  than  M  omen 
are  the  subjects  of  this  variety  of  iritis. 

Traumatism  is  responsible  for  a  number  of  cases  of  iritis.  The  injury 
may  be  accidental,  or  may  be  inflicted  during  the  course  of  an  operation,  or 
occur  as  the  result  of  an  operation — e.  c/.  after  discission  of  the  lens. 

No  time  of  life  seems  exempt  from  iritis,  although  it  is  exceptionally  seen 
in  children  under  ten  years  of  age,  and  it  is  not  often  met  with  after  the 
seventieth  year.  According  to  von  Amnion  and  von  Arlt,  iritis  is  more 
frequent  in  men  than  in  women. 

Pathological  Anatomy. — The  iris  is  thickened  and  infiltrated  with 
round-cells.  This  round-cell  infiltration  will  be  found  marked  along  the 
blood-vessels.  The  exudate  is  composed  of  fibrin  filled  up  with  leukocytes 
and  round-cells,  and  is  generally  more  extensive  upon  the  posterior  surface 
of  the  iris.  A¥hen  found  in  the  pupillary  field  the  exudate  is  rich  in  pigment- 
granules,  although  this  is  the  case  to  a  certain  extent  everywhere.  The  coats 
of  the  blood-vessels  are  thickened  and  capillary  hemorrhages  are  abundant. 
Masses  of  granular  debris,  the  exact  nature  of  which  it  is  difficult  to  deter- 
mine, are  always  present.  In  cases  where  seclusion  of  the  j)upil  has  occurred 
it  will  be  found  that  the  iris  has  undergone  atrophy  in  those  parts  bordering 
upon  the  pupil.  Where  the  entire  posterior  surface  of  the  iris  is  bound  down 
to  the  lens,  sooner  or  later  atrophy  of  the  whole  iris  occurs,  and  it  will  be 
found  that  all  that  is  left  is  a  thin  membrane,  and  here  and  there  within  its 
folds  a  clump  of  disintegrated  cells.  Sometimes  there  are  scarcely  any  traces 
of  the  structure  of  the  iris  ;  even  the  sphincter  has  disappeared. 

Diagnosis. — The  character  of  the  conjunctival  congestion,  the  slightly 
turbid  aqueous,  and  the  sluggish  pupil  in  iritis  distinguish  it  from  conjuncti- 
vitis. If  the  two  irides  are  compared,  the  change  of  color  of  the  affected  iris, 
due  to  hyperemia,  will  be  observed.  In  conjunctivitis  the  pain  is  burning 
in  character,  is  referred  especially  to  the  lids,  and  is  quite  constant,  while  in 
iritis  it  is  usually  paroxysmal,  is  referred  to  the  temples  and  brows,  and  often 
is  more  intense  at  night.  Vision  is  never  materially  affected  in  simple  con- 
junctivitis, while  visual  disturbance  in  iritis  is  the  rule.  Iritis  may  be  dis- 
tinguished from  glaucoma  (with  which  it  is  often  confounded  by  the  inex- 
perienced) by  the  size  of  the  pupil,  which  in  the  former  disease  is  contracted, 
while  in  the  latter  it  is  dilated.  The  tension,  while  it  may  be  elevated  in 
iritis  (particularly  in  the  serous  form),  is  not  so  as  a  rule.  The  tension  in 
glaucoma  is  always  elevated. 
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Prognosis. — This  depends  upon  tlie  cause  and  also  upon  tlie  changes 
which  have  already  taken  place  in  the  iris.  If  the  pupil  is  completely 
dilatable  with  atropin,  the  prognosis  may  be  regarded  as  favorable.  The 
presence  of  numerous  synechite,  especially  when  one  or  more  fail  to  yield  to 
the  action  of  the  mydriatic,  means  often  a  recurrence  of  the  iritis,  although 
cases  are  not  infrequently  seen  where  two  or  three  synechite  have  bceii  pres- 
ent for  several  years,  witiiout  recurrence  of  the  iritis;  and  with  good  vision. 
Where  there  is  either  seclusion  or  occlusion  of  the  pupil,  an  accumulation  of 
aqueous  often  occurs  in  the  posterior  chamber,  and  leads  to  a  bulging  forward 
of  the  iris  and  ultimately  to  increased  tension  {secondary  glaucoma).  Where 
there  is  a  total  posterior  synechia,  the  iris  instead  of  bulging  forward  may  be 
retracted  at  its  periphery,  and  here  we  will  have  usually  diminished  tension. 
Sometimes  the  iritis  runs  a  chronic  course,  being  characterized  by  sluggish- 
ness of  the  pupil,  cloudy  aqueous,  an  occasional  synechia,  and  by  usually  no 
marked  painful  symptoms.  The  conditions  just  mentioned  mean  that  the  eye 
has  been  the  seat  of  disease  for  a  considerable  time,  that  in  consequence  the 
integrity  of  the  lens  (so-called  inflammatory  cataract),  of  the  ciliary  region — 
in  fact,  of  the  whole  posterior  segment  of  the  eye — has  been  in  a  measure 
permanently  imjiaired.  The  prognosis  then  is  bad  for  anything  like  restora- 
tion of  good  vision. 

The  condition  of  the  adjacent  structures  has  an  important  bearing  upon 
the  prognosis. 

Treatment. — In  connection  with  the  treatment  of  iritis  the  following 
rather  striking  sentences  seem  appropriate  :  "  There  is  one  ground,  however, 
on  which  I  strongly  object  to  this  ticketing  of  iritis  with  the  names  of  various 
diseases — namely,  that  habit  is  likely  to  mislead  the  inexperienced  practitioner 
into  an  endeavor  to  treat  the  name  on  the  ticket,  while  the  iritis  may  be 
neglected  until  it  has  done  irreparable  harm.  I  do  not  know  of  any  disease 
wliich  prevents  the  occurrence  of  iritis,  and  hence  I  do  not  know  of  any 

with  which  it  may  not  sometimes  be  associated  We  do  not  understand 

a  given  case  one  whit  better  for  calling  it  '  rheumatic,'  and  the  term  tends  to 
relegate  to  the  second  place,  as  a  mere  accident  of  another  affection,  a  malady 
in  which  all  our  skill  will  be  necessary  if  we  are  adequately  to  discharge  our 
responsibilities  to  the  patient"  (Robert  Brudenell  Carter).^ 

Rest  for  the  iris  is  reached  by  the  instillation  of  atropin.  This  drug 
paralyzes  the  sphincter,  stops  the  incessant  movements  of  the  pupil,  reduces 
the  hyperemia,  and  by  dilating  the  pupil  breaks  loose  the  adhesions,  which 
are  not  likely  to  recur  during  mydriasis.  Atropin  is  to  the  eye  in  iritis 
very  much  what  opium  is  to  inflammations  elsewhere  in  the  body  :  it  is,  so  to 
speak,  the  great  anodyne  in  iritis.  Generally,  a  solution  of  four  grains  to  the 
ounce  is  strong  enough  to  dilate  the  pupil  if  instilled  every  tiiree  or  four 
hours;  but  if  a  solution  of  this  strength  does  not  j)r()duce  the  desired  effect,  a 
stronger  one  should  be  employed.  Not  infrequently  success  is  attained  only 
after  using  a  solution  of  sixteen  grains  to  the  ounce.  The  surgeon  should 
watch  for  the  constitutional  effects  of  the  drug,  but  an  iritis  which  calls  for 
such  a  strong  solution  of  atropin  is  apt  to  tolerate  it  without  unfivorable 
results.  No  more  than  one  droj)  is  instilled  at  a  time,  and  not  oftener  tlian 
every  four  hours.  If  constitutional  effects  appear,  the  strong  solution  should 
be  abandoned  at  once  ;  but  ordinarily  two  or  three  instillations  will  give 
satisfactory  evidence  whether  any  good  will  follow  its  continued  use.  The 
employment  of  cocain  along  with  atropin  heightens  the  effect  of  the  latter 
drug. 

^  Ophthalmic  Surgery,  by  R.  B.  Carter  and  W.  Adams  Frost,  pp.  180,  181. 
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The  appearance  of  constitutional  symptoms,  however,  no  matter  what  be 
the  strengtli  of  the  atropin  sohition,  necessitates  a  withdrawal  of  the  drug, 
as  well  as  of  other  mydriatics,  such  as  scopolamin,  duboisin,  and  hyoscy- 
amin.  When  a  full  dilatation  of  the  j)upil  is  obtained,  it  may  be  no  longer 
necessary  to  use  the  atropin  so  often  ;  in  other  words,  its  use  should  be  regu- 
lated by  the  condition  of  the  pu])il. 

Hot  applications,  eitlier  moist  or  dry,  are  indicated.  A  small  pad  of 
surgical  gauze  steeped  in  the  following  lotion  and  applied  to  the  eye  as  hot  as 
can  be  borne  rarely  fails  to  give  comfort  :  Plumbi  acctat.,  ?j  ;  opii  pulv.,  .^ss ; 
acp  bull.,  Oj.  A  roll  of  dry  cotton  and  then  a  layer  of  oil  silk  should  be 
placed  over  the  j)ad.  As  soon  as  this  a])plication  gets  cool  it  should  be 
renewed.  Its  good  effects  are  especially  evident  when  the  inflammation  is  of 
a  violent  type.  Poultices  are  valuable  and  are  often  em])loyed.  Cold  a})pli- 
cations  are  to  be  avoided,  although  some  surgeons  advise  their  use  in  traumatic 
iritis.  Four  or  five  leeches  applied  to  the  temj)les  or  the  artificial  leech 
(Heurteloup)  are  helpful  in  bringing  about  an  abatement  of  the  inflammatory 
svmptoms,  although  this  method  of  treating  iritis  has  become  less  popular 
of  late  years.  The  Japanese  stove  or  hot  box  is  a  most  convenient  method 
of  ap])lying  dry  heat.  The  box  should  be  wrapped  in  a  handkerchief  or  in 
any  soft  material  and  applied  to  the  eye.  A  little  bag  filled  with  hojys  or 
bran  and  heated  in  an  oven  can  be  used  in  the  same  Avay.  These  various 
methods  of  ap])lying  heat  are  valuable,  especially  the  first  one. 

According  to  Fuchs,  Schweigger,  and  other  writers,  a  hypodermic  injection 
of  muriate  of  pilocarpin  (1  grain)  every  other  day  is  very  beneficial.  Bro- 
mids  and  opiates  are  to  be  used  when  needed.  So  far  as  possible,  tlie  patient 
should  be  screened  from  direct  rays  of  light.  The  administration  of  calo- 
mel in  the  earlier  stages  of  the  afl'ection  usually  proves  advantageous. 
Two  grains  are  given  in  |-grain  doses.  The  good  effects  of  this  agent  in 
all  forms  of  iritis  are  most  conspicuous.  Not  infrequently  in  cases  in 
which  atropin  ai)]mrently  has  produced  no  mydriasis,  after  a  thorough 
calomel  action  marked  improvement  in  the  condition  of  the  pupil  mav  be 
observed. 

After  the  action  of  the  calomel  has  been  obtained  treatment  should  be 
directed  to  the  cause  of  the  iritis.  As  a  rule,  the  administration  of  salicvlate 
of  sodium  in  20-grain  doses,  every  three  or  four  hours,  will  be  found  an  ad- 
mirable remedy  in  the  painful  stage  of  iritis.  It  matters  not  what  be  the 
origin  of  the  disease,  this  remedy  ran^ly  fails  to  ]>rove  serviceable.  After 
the  jjainful  stage  has  passed  away  this  drug  may  be  administered  in  smaller 
doses  if  there  be  a  rheumatic  or  gouty  diathesis  ])resent ;  if  the  iritis  rests 
upon  a  syphilitic  basis  the  surgeon  should  resort  at  once  to  biniodid  of  mer- 
cury and  iodid  of  potassium,  or  inunction  of  blue  ointment  may  j)rovc  the 
best  method  of  getting  the  mercury  into  the  system.  A  mercurial  va])or-bath 
is  also  an  excellent  way  of  administering  this  remedy.  Usuallv  the  mixed 
treatment  is  adoj)ted  in  such  cases,  and,  as  has  been  said,  this  consists  in  the 
administration  of  the  biniodid  of  mercury  and  iodid  of  potassium,  which  is 
continued  not  only  till  all  the  eye-symptoms  have  disappeared,  but  until  one 
can  be  reasonably  certain  that  the  constitutional  ])oison  has  been  eliminated. 
Subconjunctival  injections  of  bichlorid  of  mercury  have  been  recommended 
by  Darier  and  other  surgeons  ;  similar  injections  of  phvsiological  salt  act 
ecpially  well. 

Iritis  is  uncommon  in  children,  and  is  best  treated  bv  inunctions  of 
mercury.  In  serous  iritis  the  surgeon  should  be  careful  in  the  employment 
of  atropin,  as  a  glaucomatous  condition  often  exists  which  the  mydriatic  would 
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tend  to  intensify.  Paracentesis  may  be  practised  in  these  cases  with  advan- 
tage, and  when  increased  intraocnhir  tension  persists  iridectomy  is  indicated. 

The  majority  of  erases  of  iritis,  proj)erly  treated,  get  well  without  adhe- 
sions;  still,  synechife  may  remain  and  may  cause  recurrent  attacks.  The  ope- 
ration of  corclt/sis,  which  is  not  much  ])ractised  now-a-days,  was  designed  for 
the  purpose  of  breaking  loose  these  adhesions  (see  p-age  579).  Whenever  it 
is  necessary  to  operate  upon  synechi.e  no  procedure  is  su})erior  to  iridectomy 
(see  page  575).  The  presence  of  several  broad  synechite  near  one  another 
might  readily  explain  the  occurrence  of  frequent  attacks  of  iritis.  Such 
synechia?  should  be  operated  upon  by  an  iridectomy  at  the  point  of  attach- 
ment. One  or  two  synechiie  are  rarely  resj)onsible  for  a  recurrence  of  iritis. 
Operative  measures  in  connection  with  iritis  are  rarely  demanded  during  the 
active  inflammation,  but  rather  in  the  sequeUe  of  the  disease. 

In  those  cases  where  the  iritis  has  resulted  from  an  injury,  if  there  are 
any  large  pieces  of  iris  protruding  they  should  be  abscised.  A  minute  hernia, 
however,  will  jirobably  do  no  harni  and  had  best  be  let  alone.  The  inflam- 
mation itself  should  be  treated  just  as  we  would  treat  any  plastic  iritis. 
When  the  lens  capsule  has  ruptured  and  the  swollen  masses  of  lens  are 
pressing  upon  the  iris  the  lens  should  be  removed.  In  cases  of  seclusion  or 
occJasion  of  the  pupU  iridectomy  is  indicated.  Either  of  these  conditions,  if 
neglected,  may  end  in  total  blindness.  In  seclusion,  iridectomy  is  demanded 
because  it  relieves  increased  tension  and  re-establishes  the  communication 
between  the  anterior  and  posterior  chambers,  and  by  doing  this  the  nutrition 
of  the  eye  is  at  once  improved  and  some  vision  may  be  obtained.  For  the 
same  reasons  iridectomy  is  demanded  in  occlusion  of  the  ])upil.  But  even  in 
those  cases  where  the  intraocular  tension  is  lowered  and  atrophy  has  set  in, 
as  is  sometimes  the  case  after  total  posterior  synechise,  tiie  tendency  of  iridec- 
tomy is  to  do  good  by  improving  the  condition  of  the  eyeball.  Such  eyes 
may  fill  out  again  and  regain  some  sight.  Where  the  entire  posterior  sur- 
face of  the  iris  is  bound  down  to  the  lens  capsule  it  is  difficult  to  pull  away 
the  iris  without  more  or  less  injuring  the  delicate  ciliary  region;  hence  irid- 
ectomy in  such  cases  may  be  followed  by  irido-cyclitis,  but  inasmuch  as  such 
an  eye  will  in  all  probability  cause  trouble  in  one  way  or  another,  iridectomy 
should  be  tried. 

ANOMALIES  OF  THE  ANTERIOR  CHAMBER. 

The  de})th  of  the  anterior  chamber  varies  within  ])hysiological  limits. 
In  infancy  the  anterior  chamber  is  very  shallow,  becoming  deeper  as  adult 
life  is  approached,  while  in  old  age  it  again  becomes  shallow.  In  mvopia 
the  anterior  ciuunber  is  deeper  than  in  hyperopia. 

Pathologically,  the  anterior  chamber  shows  variations  in  de]>th.  It  may 
be  shallow  from  the  pulling  forward  of  the  iris  by  anterior  synechife  or  by 
the  collection  of  masses  of  exudate  behind  the  iris  in  total  posterior  synechiae. 
Sometimes  the  periphery  of  the  anterior  chamber  is  deeper  than  the  middle 
after  a  severe  attack  of  cyclitis,  and  in  these  cases  the  outer  zone  of  the  iris 
is  drawn  Uickward  by  exudates.  A  shallow  anterior  chamber  occurs  in 
glaucoma,  and  also  after  the  needling  operation  for  cataract,  when  the  lens 
swells  up  and  presses  against  tlie  iris,  pushing  it  forward.  A  shallow 
anterior  chamber  is  seen  in  the  later  stages  of  intraocular  tumors. 

Increased  depth  of  the  anterior  chamber  is  seen  in  staphyloma  of  the 
cornea,  in  luxation  of  the  lens  into  the  vitreous  body,  in  aphakia,  and  in 
hydrophthalmos. 
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Tlie  contents  of  the  anterior  chamber  may  be  altered  by  the  presence  of 
blood  {hijph(iau),  ])us,  masses  of  lens-substance,  foreign  bodies,  cysticerci, 
neoplasms,  and  cilia. 

liluod  in  the  anterior  chamber  as  a  general  thing  will  disappear  under 
a  compress  bandage,  but  if  it  persists  and  is  evidently  acting  as  a  foreign 
body,  paracentesis  of  the  anterior  chamber  at  its  lower  border  should  be 
performed.  Hyphema  most  often  follows  injuries  and  contusions  of,  and 
0})erations  upon,  the  eyeball.  It  is  also  seen  after  irido-cyclitis,  with  seclu- 
sion of  the  pu})il  and  beginning  phthisis  bulbi,  in  which  case  the  hemor- 
rhage into  the  anterior  chamber  often  repeats  itself.  Paracentesis  under 
these  circumstances  does  no  good,  the  compress  bandage  being  found  more 
serviceable.  Hyphema  has  been  observed  as  a  result  of  dysmenorrhea 
and  pur])ura  ha?morrhagica.  Mooren  and  AVeber  describe  patients  who 
could  bring  on  hemorrhage  into  tlie  anterior  chamber  at  will.  Pus  in  tlie 
anterior  chamber  [hjipopyoii)  is  always  a  symptom,  and  must  be  treated  ac- 
cording as  it  })roceeds  from  the  cornea  or  from  the  iris.  It  usually  has  its 
origin  in  affections  of  the  cornea. 

Foreign  bodies,  as  particles  of  steel  and  glass,  may  pass  through  the 
cornea  and  rest  in  the  anterior  c]iaml)er  and  on  the  iris.  An  eyelash  may 
find  its  Avay  into  the  anterior  chamber,  and  after  a  time  give  rise  to  an 
impknitatioii  cyd  (see  page  489). 

Cysticerci  are  rarely  seen  in  the  anterior  chamber.  The  parasite  gener- 
ally gives  rise  to  symptoms  of  iritis,  and  can  be  seen  sooner  or  later  swim- 
ming around  in  the  aqueous  humor  or  it  may  be  attached  to  some  point  of 
the  iris.  The  filar i a  x(()u/uinis  hominis  has  aho  been  observed  in  this  locality. 
The  parasites  should  be  removed. 

DISEASES  OF  THE  CILIARY  BODY. 

Cyclitis. — Inflammation  of  the  ciliary  body  does  not  exist  as  an  isolated 
disease,  but  is  usually  an  extension  of  an  iritis  or  choroiditis.  As  a  rule, 
iritis  is  present. 

Etiology. — Inasmuch  as  tlie  disease  is  secondary  to  either  iritis  or 
choroiditis,  more  often  to  the  former,  it  has  the  same  etiology.  When 
it  is  not  secondary  to  one  of  these  affections  it  is  the  result  of  a  wound 
or  foreign  body  in  the  ciliary  region,  or  it  may  occur  in  one  eye  as 
the  result  of  a  traumatic  cyclitis  in  the  other  (sympathetic  oplithal- 
mitis). 

Symptoms. — The  disease  is  characterized  by  marked  circumcorneal  con- 
gestion and  more  or  less  hyperemia  of  the  iris,  which  shows  itself  in  dilatation 
of  tlie  blood-vessels  and  slight  discoloration.  The  anterior  chamber  is  deeper 
than  normal  at  its  periphery,  owing  to  the  traction  of  exudates  from  behind. 
These  exudates  are  ])lastic  in  character — hence  the  name  plastic  cyclitis — and 
usually  are  not  seen  in  tiie  pupillary  field.  The  pupil  is  often  dilated.  The 
hyperemia  of  the  iris  sooner  or  later  passes  over  into  iritis,  and  finally  the 
choroid  liecomes  involved.  Sometimes  these  svmjitoms  are  much  less  pro- 
nounced ;  indeed,  there  may  l)e  entire  absence  of  plastic  exudates,  and,  while 
in  the  beginning  the  anterior  chamber  is  deep,  later  on  it  becomes  shallow. 
A  condition  may  arise  very  similar  to  what  is  seen  in  serous  iritis.  Fine 

opacities  make  their  appearance  in  the  anterior  part  of  the  vitreons  body  

ojiacities  which  materially  interfere  with  vision.  The  tension  is  decidedly 
elevated  and  the  pupil  dilated.  Some  authors  speak  of  this  somewhat  milder 
aspect  of  the  disease  as  serous  cyclitis.    Again,  we  may  have  the  pericorneal 
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€ongestioii  and  liyperemia  of  the  iris  intensified,  and  this  hyperemia  may 
extend  to  the  retinal  vessels,  showing  itself  in  tortnosity  of  the  retinal  veins. 
A  characteristic  symptom  is  hi/popi/o)t,  which  disappears  and  reap[)ears  again 
in  a  few  days.  This  is  the  purnlent  type  of  the  affection,  and  it  is  generally 
spoken  of  as  purulent  ci/clitifi,  Jnst  as  in  the  plastic  and  serous  types,  the 
iris  is  always  implicated. 

Cyclitis  is  characterized  by  the  general  symptoms  of  inflammatory  irri- 
tation— namely,  ciliary  neuralgia,  photophobia,  and  lachrymation.  The  eye- 
ball is  exceedingly  sensitive  to  the  touch  over  the  ciliary  region.  Vision  is 
invariably  impaired. 

Patholog-ical  Anatomy. — Small-cell  infiltration  of  the  ciliary  body  is 
present,  and  this  condition  is  especially  marked  in  the  purulent  variety 
of  cyclitis.  Hemorrhages  are  frequent  in  all  forms  of  cyclitis.  Both 
the  circular  and  radiating  fibers  of  the  ciliary  muscle  contain  exudate, 
and  this  exudate  (fibrinous)  is  considerable  enough  at  times  to  push  aside 
the  individual  fibers.  The  neighborhood  of  Schlemm's  canal  is  always 
ilensely  infiltrated,  and  no  doubt  the  inflammatory  products  in  this  locality 
by  blocking  up  the  entnince  into  the  canal  have  not  a  little  to  do  with  the 
development  of  glaucomatous  tension.  The  formation  of  membranes  is 
usually  seen.  The  cijcUtic  membranes  may  cover  the  entire  posterior  and 
anterior  surfiice  of  the  iris,  and  also  the  ciliary  body,  and  even  extend  into 
the  vitreous  body.  This  membrane  not  infrecpiently  envelops  the  lens,  and, 
<'ontracting  about  it,  cuts  it  from  its  sources  of  nutrition.  As  a  result 
■of  this  the  lens  is  often  found  as  a  small  (!alcareous  mass  entangled  in  the 
meshes  of  the  membrane  and  bearing  no  resemblance  to  its  former  shape. 
In  the  contraction  which  the  cyclitic  membrane  undergoes  the  ciliary  body 
is  drawn  away  from  its  normal  site,  and  is  to  be  seen  as  a  narrow  strip  of 
tissue,  having  lost  its  natural  shape.  This  cyclitic  membrane  is  composed 
of  connective  tissue  with  interlacing  bands.  All  shapes  of  cells  will  be 
found  present.  In  very  light  cases  this  membrane  may  disappear  by  resorp- 
tion. Masses  of  black  pigment  are  to  be  seen  here  and  there  throughout 
the  diseased  parts.  According  to  Pollock,  hemorrhages  are  common  in  the 
■cyclitic  membrane,  although  the  author  has  not  observed  any  in  the  speci- 
mens which  have  come  under  his  observation.  In  the  early  stage  the  ciliary 
processes  are  thickened  ;  finally,  however,  they  undergo  atrophy  and  become 
very  much  thinned.  When  the  j)rocess  has  reached  this  stage  atrophy  of  the 
eyeball  is  usually  only  a  question  of  time. 

Diag-nosis. — The  question  is  between  iritis  and  irido-cyclitis.  The  symp- 
toms which  determine  the  existence  of  a  cyclitis  have  been  enumerated  by 
Fuchs  as  follows  :  Infianmiatory  sym))toms  of  considerable  degree,  especially 
if  edema  of  the  u])per  lid  is  present  (this  edema  of  the  lid  does  not  occur  in 
pure  iritis)  :  sensitiveness  to  touch  in  the  ciliary  region  ;  retraction  of  the 
periphery  of  the  iris,  indicating  total  posterior  synechia  ;  disturbance  in  vision 
more  considerable  than  would  be  expected  from  the  opacities  within  the 
confines  of  the  anterior  chamber;  and,  finally,  tension  either  elevated  or 
lowered. 

Prognosis. — The  j)rognosis  in  cyclitis  is  always  grave,  es])ecially  so  in 
the  plastic  form.  The  cyclitic  membrane  usually  covers  the  entire  ciliary 
region,  and  in  the  contraction  and  organization  which  follow  the  retina  and 
miliary  bodv  are  torn  out  of  position,  the  lens  undergoes  degeneration,  and 
atrojdiy  ends  the  scene. 

The  serous  form  in  its  early  stages  is  often  characterized  by  a  glaucomatous 
•condition  which  is  followed  by  softening  and  atrophy  of  the  eyeball. 
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The  purulent  fonn  of  cyclitis,  seen  as  a  result  of  infection  after  cataract 
extraction,  as  a  rule  ends  in  sloughing  of  the  Avhole  eyeball. 

Treatment. — The  treatment  is  pnu'tically  the  same  as  that  employed  in 
iritis.  Meat  and  atropin,  tlien,  should  he  used  locally.  The  latter  remedy 
is  withdrawn  when  a  glaucomatous  condition  is  present.  The  constitutional 
treatment  which  lias  been  suggested  in  connection  with  iritis  is  equally 
applicable  here. 

Injuries  of  the  Ciliary  Body. — Injuries  of  the  ciliary  body  arise  from 
penetrating  and  non-penetrating  wounds  of  the  ciliary  body,  and  are  fully 
described  on  pages  364  and  367. 

Irido- choroiditis  {Chronic,  Serous  Irido-choroiflitis). — This  disease 
nsually  originates  in  the  iris ;  that  is  to  say,  the  presence  of  posterior 
synechiie  may  result  in  chronic  iritis  which  passes  backward  and  inyades 
the  choroid.  Sometimes  the  inflammation  originates  in  the  choroid  and  ])asses 
forward  and  inyolves  the  iris. 

Etiolog-y. — Old  synechise  are  generally  responsible  for  this  affection. 
Where  the  disease  starts  in  the  choroid  it  not  infrequently  is  to  be  attributed 
to  a  dislocated  lens  which  has  been  either  resting  upon  the  retina  and  choroid 
or  floating  about  in  the  vitreous  body.  Edward  Meyer  mentions  instances 
where  the  affection  was  traceable  to  menstrual  disturbances  and  to  the  cli- 
macteric. 

The  patholog-ical  anatomy  is  ]>ractically  the  same  as  that  ^\  Inch  has 
been  described  in  connection  with  Iritis. 

Symptoms. — Even  when  the  process  has  originated  in  tiie  iris  the  irrita- 
tive symptoms  are  neyer  conspicuous,  certainly  not  to  the  extent  in  which 
they  arc  found  in  iritis.  The  iris  is  often  bulged  forward,  and  may  be  press- 
ing against  the  cornea.  This  condition,  however,  is  only  seen  in  those  cases 
where  the  pu{)il  is  completely  occluded  and  communication  between  the  two- 
chambers  is  interrupted.  It  is  caused  by  the  collection  of  efilusions  behind 
the  iris.  The  vitreous  body  is  generally  filled  with  opacities.  Pain,  as  might 
be  expected,  is  an  insignificant  symptom.  Visual  disturbance  is  always 
present,  and  is  in  proportion  to  the  condition  of  the  pupil  and  involvement 
of  the  choroid. 

Where  the  inflammation  has  started  in  the  choroid  the  visual  disturbances 
are  more  ])ronounced.  Nearly  always  in  this  event  there  are  detached  retina, 
dense  opacities  in  the  vitreous  body,  and  a  degenerated  lens.  By  the  time 
the  inflannnation  reaches  the  iris  sight  has  been  nearly  extinguished.  From 
now  on  the  symptoms  resemble  those  seen  when  the  inflammation  originates 
in  the  iris.  Meyer  has  suggested  the  following  points  ;is  important  in  deciding 
as  to  the  j^robable  origin  of  the  affection,  whether  in  the  iris  or  choroid  :  In 
case  the  inflammation  had  started  in  the  iris  the  patient  would  be  apt  to  recall 
some  attack  of  iritis,  and  it  would  be  noticed  that  the  structure  of  the  iris 
had  undergone  changes  to  some  extent,  being  discolored  and  atrophied.  As 
a  rule,  the  lens  shows  no  j)articipation  in  the  affection  till  the  ])rocess  has 
found  its  way  backward.  When  visual  disturbances  are  absent  one  can  be 
reasonably  certain  that  neither  the  lens  nor  the  vitreous  body  is  to  any  extent 
involved. 

If  the  process  has  started  in  the  choroid,  visual  disturbances  will 
always  be  i)rominent  features,  owing  to  the  opacities  in  the  vitreous  body. 
Retinal  detachment  will  be  noticed,  the  intraocular  tension  will  be  lowered 
and  the  lens  will  often  be  found  to  have  undergone  calcification.    Neither  of 
these  forms  exhibits  acute  symptoms,  both  being  very  insidious  in  character. 

Prognosis. — Where  the  process  has  started  in  the  iris  and  has  been 
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properly  treated  in  the  early  stages  there  is,  comparatively  speaking,  ho})e  for 
restoration  of  useful  sight.  But  whei-e  the  disease  begins  in  the  choroid  the 
outlook  is  exceedingly  bad.  Even  if  the  retina  is  not  detached  or  tlie  lens 
opaque,  the  integrity  of  the  entire  uveal  tract  has  been  to  some  extent 
permanently  impaired. 

Treatment. — Atropin  nuist  be  employed,  but  it  should  be  remembered 
that  intraocular  tension  is  sometimes  elevated  in  the  course  of  the  disease. 
When  the  communication  between  the  anterior  and  posterior  chamber  is 
interrupted,  iridectomy  should  be  performed,  for  a  continuance  of  this  condi- 
tion means  blindness.  The  surgeon  should  not  hesitate  to  repeat  this  opera- 
tion as  often  as  the  new  pupil  is  closed  with  exudates,  and  should  not  be 
deterred  even  by  a  condition  of  diminished  tension.  The  lens  being  diseased 
and  more  or  less  opacpie,  its  removal  is  frequently  indicated  Constitutional 
treatment  should  not  be  neglected.  Mercury  should  be  tried  in  the  form  of 
the  bichlorid  and  in  small  doses.    lodid  of  potassium  is  also  indicated. 

SYMPATHETIC  AFFECTIONS  OF  THE  EYE. 

Sympathetic  Ophthalmitis. — This  disease  is  one  of  the  most  inter- 
esting and  at  the  same  time  the  most  obscure  in  the  whole  range  of  eye 
affections. 

Definition. — Sympathetic  ophthalmitis  is  an  inflammation,  usually  plastic, 
but  sometimes  serous,  which  affects  the  iris,  ciliary  region,  and  choroid  of  one 
eye  ("the  xij^npatJiizcr  ^^),  and  which  originates  in  a  traumatic  inflammation 
of  the  same  parts  in  the  other  eye  ("  the  exciter  ").  The  three  fundamental 
elements  of  true  sympatiietic  ophthalmitis  are — first,  a  traumatic  irido-cyclitis 
of  one  eye  ;  second,  a  plastic  uveitis  of  the  other  eye ;  and  third,  a  certain 
period  of  time  which  always  elapses  before  the  outbreak  of  the  sympathetic 
disease — /.  e.  the  period  of  incubation.  The  existence  of  these  three  factors 
certainly  warrants  the  diagnosis  of  sympathetic  ophthalmitis. 

Etiolog-y. — Penetrating  wounds  are  chiefly  concerned  in  the  production 
of  sympathetic  ophthalmitis — wounds  either  from  sharp  instruments,  such  as 
scissors  and  knives  ;  or  wounds  caused  by  the  entrance  into  the  eyeball  and 
the  lodgement  there  of  small  fragments  of  steel,  percussion  caps,  particles  of 
stone  or  glass.  Schirmer,  Mackenzie,  Knapp,  and  others  report  cases  which 
followed  simply  a  blow  upon  the  eyeball  without  a  rupture.  This  mechanism 
is  entirely  contrary  to  the  rule,  and  most  of  these  instances  are  oi)en  to  grave 
criticism. 

Penetrating  ivounfJs  of  the  ciliary  region,  are  especially  apt  to  gixe  rise  to 
the  disease,  and  it  makes  no  difference  whether  the  wound  is  large  or  small. 
Mooren  has  described  sympathetic  ophthalmitis  after  the  entrance  into  the 
eveball  of  small  particles  of  iron,  aud  has  s(!cn  it  follow  the  bursting  of  the 
eye  by  a  blow  with  a  stick.  According  to  Mackenzie,  protrusion  of  the  iris 
and  its  incarceration  in  the  wound  are  conditions  which  are  peculiarly  liable 
to  give  rise  to  the  disease. 

Wounds  M'hich  pass  through  the  cornea  and  the  ])U])illarv  border  of  the 
iris,  even  though  the  lens  is  injured  and  cataract  results,  are  not  as  dangerous 
as  when  the  wound  ])asses  through  the  ciliary  border  of  the  iris.  Traumatic 
cataract  of  itself  has  no  significance  in  the  etiology  of  sympathetic  ophthal- 
mitis, though  a  swollen  lens,  by  pressing  upon  the  surrounding  parts,  can 
certainly  aggravate  an  already  existing  cyclitis.  The  operations  of  iridodesis, 
discission,  iridectomy,  reclination,  and  cataract  extraction  have  been  followed 
by  sympathetic  ophthalmitis.    Mackenzie  states  in  his  book  that  he  never 
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saw  sympathetic  ()])htlialmia  follow  any  of  the  operations  for  cataract.  Among 
other  causes  mentioned  by  most  writers  are  infraocidar  tumors,  particularly 
the  melaiio-sarcomata,  and  cysticercus  is  reported  to  have  given  rise  to  sympa- 
thetic oplithalmitis  (t\vt>  cases).  There  are  good  i-easons,  iiowever,  for  regard- 
ing both  sarcoma  and  cysticercus  as  very  doubtful  agents  in  the  production 
of  the  att'ection,  and  the  same  may  be  said  of  ossijimtion  within  the  eye. 

Symptoms. — Accommodative  asthenopia  is  the  first  symptom,  and  shows 
itself  on  the  slightest  attempt  to  fix  an  object,  no  matter  of  what  size  or  at 
what  distance.  This  symptom  may  be  lacking,  and  instead  of  it  the  patient 
sees  a  mist  around  everytliing.  Pain  is  usually  absent,  but  j)ressure  on  the 
ciliary  region  elicits  tenderness  which  is  often  (piite  characteristic. 

Pericorneal  congestion  is  more  or  less  marked.  The  media  are  cloudy. 
The  earlier  stages  of  the  affection  are  associated  with  slight  increase  in  intra- 
ocular tension,  followed  by  vacillating  conditions  of  tension,  mounting  np  to 
a  high  grade  in  the  glaucomatous  stage,  while  at  the  last  the  tension  is  much 
diminished.  The  iris  is  hyperemic.  Pagenstecher  has  called  attention  to 
the  fact  that  in  this  kind  of  iritis  the  pupil  can  readily  be  dilated  in  spite  of 
the  synechiae.  It  is  possible  for  the  process  to  disappear  at  this  point  and 
never  return,  but  this  is  seldom  the  case.  The  attacks  come  at  frequent 
intervals  and  with  renewed  intensity.  After  every  recurrence  the  synechise 
are  firmer  and  the  jnipil  is  harder  to  dilate.  Pain  may  now  develop.  Small 
grayish  dots  apjiear  on  the  posterior  surface  of  the  cornea.  Synechiae  are 
to  be  seen  extending  all  the  way  around  the  pupil.  Recession  of  the  iris 
periphery  is  present. 

In  nearly  every  case  the  primarily  affected  eye  is  blind  before  the  outbreak 
of  the  sympathetic  disease ;  but  cases  are  on  record  where  vision  was  still 
present  in  the  injured  eye  at  the  time  of  the  appearance  of  the  sympathetic 
inflammation.  The  following  constitutional  symptoms  may  be  seen  :  a  quick- 
ened pulse,  thir.st,  pallid  complexion,  and  obstinate  constipation.  The  course 
of  the  disease  is  usually  tedious. 

Si/mpafhetic  serous  iritis  is  a  much  milder  type  of  the  disease.  The 
symptoms  are  those  of  serous  iritis.  This  may  be  regarded  as  a  comparatively 
benign  form  of  sympathetic  ophthalmitis,  which  may  pass  over  into  the  per- 
nicious form — plastic  irido-cyclitis — which  has  been  described  above. 

Sympathetic  papil/o-retinifis  has  been  observed  a  certain  number  of  times, 
and,  in  contradistinction  to  the  genuine  sympathetic  ophthalmitis,  shows  no 
tendency  to  relapses.  Schirmer  states  that  the  disease  has  never  been  ob- 
served after  the  enucleation  of  the  injured  eye.  It  is  a  benign  affection,  and 
restoration  of  sight  is  the  rule.  A  sympathetic  choroido-ret'iniiis  has  also  been 
described. 

Diagnosis. — The  disea.se  has  no  peculiar  train  of  symptoms  by  which  it 
oan  be  invariably  recognized.  If  pronounced  objective  symptoms  of  a  plastic 
irido-cyclitis  appear  in  an  eye  which  had  remained  sound  for  three  weeks 
after  the  fellow-eye  had  been  the  .seat  of  a  traumatic  irido-cvclitis,  the  case 
may  be  regarded  as  one  of  .sympathetic  ophthalmitis.  The  diagnosis  will  be 
freer  of  doubt  if  three  weeks  is  considered  as  the  earliest  date  for  the  outbreak 
of  the  sympathetic  affection  ;  later  than  the  fourth  month  the  diagnosis  be- 
oomes  more  or  le.ss  uncertain. 

Mackenzie  says  that  the  disease  may  be  com])licated  with  scrofula  and 
assume  a  good  deal  of  the  scrofulous  character,  or  it  may  be  complicated  with 
syphilis.  Cerebral  complications  have  been  mentioned  in  connection  with 
sympathetic  ophthalmia. 

Sympathetic  Irritation. — This  condition  was  once  regarded  as  simplv 
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the  forerunner  of  sympathetic  inflannnatiou  ;  hut  it  is  a  much  more  frequent 
atlection  than  the  latter  disease,  and  (Hffers  from  it  in  s(^veral  vital  ])oints. 
Photophobia,  hichrymation,  ])ains  in  the  head  and  orbit,  and  blepharos})asm 
are  frequently  present.  The  affection  reminds  one  somewhat  of  phlyctenular 
conjunctivitis.  The  neuralgia  is  often  remittent  in  character  and  very  violent. 
There  is  concentric  narrowing  of  the  field  <,)f  vision.  Shadows  and  clouds  are 
often  seen  when  an  ctifbrt  is  made  to  look  at  an  object.  More  or  less  ob- 
scuration of  objects  occurs  from  time  to  time,  the  obscuration  lasting  several 
seconds,  and  then  the  objects  appear  as  distinct  as  ever.  The  pupil  is 
generally  small,  but  the  movements  of  the  iris  are  intact.  According  to 
Noyes,  the  range  of  accommodation  is  diminished. 

The  disease  shows  itself  at  periods  ranging  from  two  and  three  weeks  to 
fifteen  and  twenty  years  after  the  injury  of  the  first  eye,  and  is  communicated 
to  the  sound  eve  throu"-h  the  medium  of  the  ciliary  nerves. 

Pathogenesis  of  Sympathetic  Ophthalmitis. — Up  to  1858,  Mackenzie's 
views  prevailed  pretty  generally — namely,  that  the  optic  nerve  was  the 
channel  of  communication.  Midler,  however,  concluded  that  the  sympathetic 
disease  was  due  to  irritation  of  the  ciliary  nerves,  together  with  an  influence 
which  atfects  nutrition,  secretion,  and  accommodation.  Miiller's  views  gained 
many  adherents,  among  others  von  Graefe  ;  indeed,  the  so-called  ciliary-nerve 
theori/  became  at  once  the  popular  one,  and  remained  so  for  a  long  time. 

The  optic-nerve  theory  was  revived  by  Horner  and  Knies  in  1879. 

In  1881,  Snellen,  Berlin,  and  Leber  advanced  the  opinion  that  the  disease 
was  of  parasitic  origin. 

Maats,  under  Bonders'  direction,  in  1869  undertook  the  experimental 
solution  of  this  ])roblem,  and  his  experiments  were  repeated  at  a  later  date 
by  Snellen  and  Rosow.  All  three  of  these  observers  obtained  negative 
results. 

Of  all  the  experimental  work  on  this  subject,  that  of  Prof.  R.  Deutsch- 
mann  of  Hamburg  has  attracted  the  most  widespread  attention,  and  his 
results  were  regarded  at  first  as  absolutely  conclusive.  He  claimed  to  have 
produced  sympathetic  ophthalmitis  in  the  eye  of  a  rabbit  by  injecting  a  drop 
of  a  suspension  of  the  staphylococcus  aureus  into  the  vitreous  body  of  the 
fellow-eye.  Quite  a  number  of  experiments  were  made,  and  he  felt  justified 
in  the  following  conclusions :  That  sympathetic  ophthalmia  is  a  parasitic 
disease  wiiich  makes  its  way  from  one  eye  to  the  other  by  way  of  the  optic 
nerves  and  chiasm.  The  organisms  work  their  wav  forward  bv  reason  of 
a  certain  impetus  which  comes  from  their  growth,  as  well  as  from  their 
power  of  spontaneous  movement.  In  this  way  they  reach  the  base  of  the 
brain,  where  they  are  swept  down  by  the  lymph-stream  into  the  sheaths  of 
the  opposite  optic  nerve,  and  thus  reach  the  second  eye.  This  movement  on 
the  part  of  the  lym])h-stream  explains  why  the  organisms  do  not  spread 
themselves  over  the  base  of  the  brain  and  produce  meningitis. 

The  experiments  of  Deutschmann  were  subjected  to  the  closest  scrutiny, 
and  in  spite  of  the  work  of  Alt,  GlflPord,  Mazza,  Randolph,  Limbourg  and 
Levy,  Schirmer,  Greef,  Ulrich,  and  Bach,  there  has  never  appeared  any 
evidence  to'  lead  us  to  believe  that  Deutschmann's  experiments  are  conclu- 
sive. In  fiict,  the  investigations  of  these  observers  strengthen  the  view 
which  has  been  held,  that  sympathetic  ojihthalmitis  caimot  be  j)roduced  in 
the  lower  animals,  certainly  not  with  the  pus-organism.  From  this  it  would 
seem  that  Deutschmann's  work  is  by  no  means  conclusive,  and  that  it  is 
more  than  probable  that  this  observer  fell  into  errors  of  interpretation.  The 
pus-organism  probably  plays  no  part  in  the  production  of  the  disease  in  man, 
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as  is  illustrated  by  the  rarity  of  sympathetic  ophthahiiitis  after  panophthal- 
mitis, where  the  pus-ortranisms  are  usually  ])resent  in  such  great  numbers. 

\\^)un(ls  of  the  ciliar\-  region  liave  been  thought  to  pecub'arly  predispose 
to  symi)athetic  o])hthahnitis',  but  experiments  on  the  lower  animals  have 
shown  that  so  long  as  the  instrument  was  sterilized  the  wound,  no  matter  if 
located  in  the  ciliary  region,  healed  invariably  with  little  or  no  inflannnatory 
phenomena.  Experiments  of  this  character  show  that  injuries  in  the  ciliaiy 
region  are  not  in  themselves  sufficient  to  give  rise  to  sympathetic  ophthalmitis, 
but  that  something  else  is  necessary,  a  something  modifying  the  character  of 
the  wound  itself.  A  wound,  however,  which  is  infected  Mould,  for  sound 
anatomical  reasons,  be  more  apt  to  set  up  sympathetic  trouble  if  located  in 
the  ciliary  region  than  if  located  anywhere  else  in  the  eye.  Reference  here 
may  be  made  to  tlie  works  of  Bach  and  kSchmidt-Rimpler,  both  of  whom 
lean  towai"d  a  somewhat  modified  ciliary-nerve  theory. 

The  uniformly  negative  results  of  the  various  experimenters  do  not  dis- 
prove the  bacteric  origin  of  sympathetic  ophthalmitis,  but  before  regarding 
the  theory  as  ]iroved  the  specific  organism  must  be  identified. 

Prog-nosis. — The  j)rognosis  is  always  a  matter  of  grave  doubt.  AVell- 
establislied  recoveries  are  rare.  Waldispuhl,  summing  up  the  statistics  of 
Prof.  Schiess's  clinic  in  Bale,  reports  four  recoveries  in  ten  years.  Cases  of 
recovery  are  reported  by  Hirschberg,  Laqueur,  Schirmcr,  Rogman,  and  Ran- 
doljih.  Relapses  are  the  rule,  and  this  fact  should  load  us  to  be  guarded  in 
holding  out  the  prospect  of  definite  recovery.  A  patient  who  has  passed  two 
years  without  a  relapse  may  be  regarded  as  comparatively  safe. 

Treatment. — The  prophy/acfir  treatment  naturally  plays  a  most  ]>rom- 
inent  ])art  in  dealing  with  symj)athetic  ophthalmitis,  and  it  seems  clear  that 
the  only  certain  ])rophylaxis  is  the  enucleation  of  the  injured  eye.  When 
synipnthetic  irritation  exists  and  there  is  no  special  reason  for  believing  that 
sym])atlietic  inHaminatiou  will  appear,  resection  of  the  o})tic  nerve  mav  be 
substituted  for  enucleation.  This  is  often  the  case  in  eyes  which  have  been 
lost  from  other  causes  than  from  ])enetrating  wounds;  for  instance,  in  abso- 
lute glaucoma  or  where  inflammation  has  destroyed  the  entire  cornea  and 
phthisis  bulbi  has  followed.  It  would  be  safer  to  enucleate  an  eye  blind  from 
a  penetrating  wound.  When  the  eye  has  some  vision,  it  is  an  exceedingly 
difficult  question  to  decide.  The  best  guide  in  such  a  case  is  probably  the 
tension  and  sensitiveness  to  touch.  If  the  eyeball  is  sensitive  to  the  touch 
and  the  tension  diminished,  and  at  the  same  time  only  light-perception  is 
present,  the  chances  of  improvement  for  this  eye  are  bad,  and  especially  so 
if  these  conditions  persist  for  several  days  after  the  injury.  In  this  case 
enucleation  is  indicated. 

When  the  injured  eye  is  blind  and  sympathetic  irritation  is  present  in  the 
other  eye,  it  is  best  to  enucleate. 

When  the  injured  eye  possesses  a  little  vision  and  symptoms  of  iiritation 
a))i)ear  in  the  other  eye,  every  effort  must  be  made  to  improve  the  condition 
of  the  injured  eye;  and  this  means  to  apply  the  rules  governing  the  treat- 
ment of  an  irido-cyclitis. 

When  sympathetic  inflammation  has  broken  out  the  injured  eye,  if  blind 
should  be  removed  ;  if  not  blind,  the  same  course  should  "be  pursued  as  suo-- 
gested  when  the  condition  is  that  of  sympathetic  irritation  in  the  second  eye 
— in  other  w^ords,  do  not  enucleate. 

As  regards  medicinal  agents,  we  possess  nothing  which  exercises  a  si-)ecific 
influence  for  good  in  this  disease.  Atropin  should  be  used,  but  alwavs 
guardedly.    Absolute  rest  and  darkness  are  essential.     Hot  fonientations 
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such  as  have  been  described  in  the  treatment  of  iritis,  do  good  service ; 
so  also  the  various  ways  of  applying  dry  heat.  Calomel  in  small  doses  is 
certainly  helpful.  Injections  of  pilocarpin  have  been  known  to  do  good. 
The  injection  of  one  drop  of  a  sublimate  solution  (1  :  1000)  has  been  strongly- 
advocated  by  Abadie. 

The  influence  of  an  operation  is  hurtful  so  long  as  there  is  present  any 
evidence  of  an  acute  inflammation.  The  cliief  obstacle  to  vision  is  the 
opaque  lens,  and  after  all  acute  symptoms  iiave  disappeared  (Jritchett  suggests 
the  following  procedure  :  A  flue  needle  is  directed  to  the  center  of  the  opaque 
capsule,  and  the  latter  is  pierced.  Another  needle  is  passed  in  from  the 
opposite  side,  and  by  bringing  the  penetrating  force  of  one  needle  to  bear 
upon  the  other  a  small  opening  is  made  in  the  capsule.  The  points  of  the 
needles  are  then  separated.  In  tiiis  way  quite  a  rent  is  made.  There  is 
generally  an  escape  of  lens  matter.  Little  or  no  reaction  follows.  An 
interval  of  several  weeks  is  allowed  to  pass  to  permit  the  absorption  of  some 
lens  substance,  and  then  the  operation  is  repeated,  and  so  on,  the  operation 
being  ptirformed  every  time  with  two  needles.  Critchett  and  Story  report 
cases  where  useful  vision  was  obtained  by  this  operation. 

DISEASES  OF  THE  CHOROID. 

Congenital  Anomalies  of  the  Choroid. — Coloboma  of  the  cho- 
roid is  a  circumscribed,  frequently  lialf-splierical-shaped  defect  in  the  choroid 
and  retina,  as  seen  in  Fig.  I.,  Plate  3.  It  presents  a  brilliant  white  color 
(due  to  the  exposed  sclera)  with  the  ophthalmoscope,  and  it  will  l)e  observed 
that  the  surface  of  the  coloboma  is  distinctly  below  the  plane  of  the  retina ; 
in  other  words,  the  surface  is  concave,  and  ridges  and  depressions  can  be 
seen  upon  it.  Generally,  two  or  three  fine  retinal  vessels  can  be  seen  to 
dip  at  the  edge  of  the  coloboma,  and  then  pass  on  over  the  surface  of  the 
latter.  The  coloboma  usually  begins  a  short  distance  from  the  optic  nerve, 
or  it  may  take  in  the  papilla,  and,  assuming  the  shape  described,  pass  down- 
ward and  come  to  a  stop  at  a  certain  distance  from  the  ciliary  body.  It 
mav  reach  a  point  so  far  forward  that  its  anterior  border  can  no  longer 
be  seen.  The  border  of  the  coloboma  is  pigmented,  and  pigment-spots  are 
often  to  be  found  uj)on  its  surface.  Coloboma  of  the  choroid  is  generally 
associated  with  the  same  defect  in  tlie  iris.  Such  eyes  are  sometimes  microph- 
thalmic.  The  retina,  as  well  as  the  choroid,  may  be  absent  at  the  site  of 
the  coloboma,  and  only  the  sclera  remain  beneath.  At  other  times  the  retina 
may  be  present,  and  covers  the  coloboma  in  its  entire  extent.  Of  course 
there  is  always  a  defect  in  the  visual  field  corresponding  to  the  location  of 
the  coloboma.  According  to  Meyer,  myo])ia,  amblyopia,  and  accommodative 
asthenopia  are  often  ]n-esent. 

White  depressions  of  various  sizes  situated  in  the  macular  region  are 
regarded  by  some  authors  as  similar  defects,  and  are  spoken  of  as  macular 
colobomata,  wliile  Lindsay  Johnson  describes  them  as  the  atrophied  remains 
of  nevoid  growths  in  tlie  clioroid. 

Coloboma  of  the  choroid  is  due  to  incomplete  closure  of  the  ocular 
fissure,  and  it  is  an  affection  which  in  a  marked  degree  is  transmissilde  by 
inheritance  (see  also  ])age  192). 

Albinism. — Tiiis  is  a  condition  where  there  is  either  a  partial  or  complete 
absence  of  pigment  in  the  choroid.  The  affection  is  congenital.  The  ])upil 
has  a  reddish  luster,  and  is  somewhat  smaller  than  normal.  The  iris  ap- 
pears reddish  bv  transmitted  light.    This  latter  phenomenon  is  due  to  the 
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fact  that  niucli  of  tlie  li.ulit  is  not  absorbed,  owing  to  the  lack  of  pigment. 
Tlie  vessels  of  the  retina  and  choroid  may  be  plainly  seen  with  the  ophthal- 
moscope. Photophobia  is  the  rnle  in  this  condition,  and  a  shady  place  is 
always  gratefnl  to  snch  patients.  Nystagmus,  amblyopia,  and  high^  degrees 
of  myopia  and  astigmatism  are  usually  coincident  conditions.  The  cells 
which'  usually  contain  the  pigment  arc  ]>rescnt,  Init  the  pigment  itself  is 
absent.  The  affection  is  hereditary.  The  treatment  consists  in  measures 
to  ameliorate  the  i)hotophobia  and  "the  correction  of  the  refractive  error. 

There  is  a  condition  in  which  the  stroma  of  the  choroid  is  richly  pig- 
mented, while  the  epithelium  is  lacking  in  pigment,  and  consequently  is 
transparent.  Under  these  circumstances  the  so-called  cltoroida/  iufcrvascukir 
spares  exist,  which  look  very  dark,  owing  to  the  character  of  the  stroma- 
pigment.    This  condition  is  sometimes  seen  in  negroes. 

Hyperemia  of  the  Choroid. — This  condition  undoubtedly  exists,  but 
is  questionable  whether  it  can  be  diagnosticated.  According  to  de  Schwcinitz, 
we  may  assume  hyperemia  of  the  choroid  when  the  nerve-head  presents  dis- 
tinct redness,  which  is  imperfectly  differentiated  from  tlie  unduly  flannel-red 
appearance  of  the  surrounding  choroid,  or  when  the  choroid,  instead  of 
exhibiting  its  usual  red  color,  has  changed  into  what  has  been  denominated 
a  "woolly  choroid,"  with  faint  dark  areas  in  the  periphery,  indicating  the 
interspaces  between  the  choroidal  vessels  and  more  or  less  retinal  striations 
surrounding  the  disk.  The  condition  is  ordinarily  suj)posed  to  be  due  to 
"  eye-strain,"  and  should  be  treated  accordingly.  Dark  glasses  and  com])lete 
rest  should  be  ordered  until  the  changes  described  have  entirely  disappeared, 
and  then  the  error  of  refraction  should  be  corrected. 

Choroiditis. — Inflammation  of  the  choroid  may  be  either  nonsuppura- 
tive (commonly  called  exudative)  or  suppurative. 

1.  Exudative  Choroiditis. — Etiology. — The  most  common  cause  is  syph- 
ilis, both  hereditary  and  acquired.  Any  profound  disturbance  in  the  nutri- 
tion, such  as  scrofula  or  anemia,  may  give  rise  to  the  same  disease.  Meyer 
mentions  the  fact  that  this  form  of  the  disease  is  sometimes  found  in  women 
who  sulfer  with  menstrual  disturbances  or  at  the  climacteric.  Myopia  can- 
not be  said  to  cause  choroiditis  in  the  same  sense  as  syphilis,  for  the  changes 
in  the  former  are  more  of  the  nature  of  degenerative  changes  than  of  true 
inflammatory  ones,  and  are  due  to  the  stretching  to  which  the  posterior 
segment  of  the  eyeball  is  exposed  in  myopia  of  very  high  grade. 

Pathological  Anatomy. — The  histological  changes  are  usually  sharply 
defined,  and  correspond  to  the  optlialmoscopic  picture  ;  that  is  to  say,  there 
is  no  general  involvement  of  the  choroid  exce])t  in  cases  of  many  years' 
standing.  The  vessels  are  frequently  engorged,  and  round-cell  infiltration 
is  found  near  them.  Small  open  spaces  containing  fibrin  and  hyalin  drops 
are  often  seen.  Hemorrhages  are  occasionally  observed.  The  pigment- 
cells  are  sometimes  devoid  of  jirocesses,  and  often  have  a  proliferation  of 
pigment.  Later  on  the  choroid  becomes  atrophied  and  fibrous,  and  the 
pigment-clumj)s  become  scarcer  and  may  disa])]x^ar  entirely.  In  those  cases 
where  the  exudate  has  forced  its  way  into  the  layer  of  I'ods  and  cones,  this 
layer  may  be  completely  broken  \\\). 

The  following  interesting  changes  are  mentioned  by  Schweigger  as 
occurring  in  disseminated  choroiditis:  Little  nodules  are  seen  scattered 
through  the  stroma  of  the  choroid,  which  consist  of  nucleated  fibers  and 
non-pigmented  cells.  The  surface  of  these  nodules  is  at  first  covered  with 
very  black  pigment-epithelium,  which  gradually  disappears  from  the  center 
outward,  so  that  we  have  the  well-known  picture  of  a  white  area  surrounded 


Plate  3. 


Fig.  I. — Coloboma  of  the  choroid  ;  tliu  ciisc  also  had  a  cohjbonia  of  the  lens. 
Fig.  II.— Disseminated  choroiditi.s  ;  nearly  normal,  central  acuity  of  vision. 
Fig.  III. — Kiipture  of  the  choroid  from  a  blow  with  a  ball. 
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witli  a  black  ring.  At  points  we  have  a  proliferation  of  the  pigment- 
epitlielium.  The  new-formed  cells  contain  no  pigment.  When  tlie  process 
extends  into  the  retina,  we  have  an  elongation  of  tiie  radiating  fibers,  and 
they  sometimes  bend  abruptly  and  are  found  bound  fast  to  tiie  clioroid. 

Symptoms. — With  the  ophthalmoscope  will  be  seen  yellowish-white  spots 
scattered  over  the  red  fundus  and  lying  under  the  blood-vessels  of  the  retina 
{recent  choroiditis).  As  time  goes  on  this  yellowish  color  disappears,  and 
gives  way  to  white,  which  is  an  indication  that  the  choroid  has  lost  its  pig- 
ment (atrophtf)  and  that  the  sclera  is  exposed.  Specks  of  pigment  are  often 
to  be  seen  on  these  atrophic  areas.  Sometimes  the  exudates  are  very  small, 
and  are  found  either  isolated  or  in  groups,  and  located  in  various  parts  of  the 
fundus  {disseminated  choroiditis).  Dust-like  opacities  and  floating  membranes 
in  the  vitreous  body  are  common  in  exudative  choroiditis  (Fig.  II.,  Plate  3). 

Disturbances  in  vision  are  always  present,  showing  themselves  in  narrow- 
ing of  the  field  and  loss  of  visual  acuitv,  though  it  is  astonishing  how  good 
vision  may  be  in  cases  where  the  ophthalmoscope  shows  an  involvement  of 
apjmrently  the  entire  fundus.  The  patient  complains  of  seeing  specks  floating 
before  the  eyes.  Photophobia,  metamorphopsia,  and  night-blindness  are  present 
in  a  certain  number  of  cases.  The  disturbances  in  vision  arise  partly  from 
the  opacities  in  the  vitreous  body,  and  partly  from  a  functional  disturbance 
of  the  retina,  which  is  alwavs  to  some  extent  involved. 

In  the  earlier  stages  of  disseminated  choroiditis  there  is  often  a  coin- 
cident dilatation  of  the  retinal  blood-vessels,  owing  to  the  involvement  of  the 
retina.  Tliis  variety  of  choroiditis  is  sometimes  called  syphilitic  choroiditis 
(see  page  419). 

Again,  in  the  vicinity  of  the  optic  nerve  rather  prominent  foci  of  inflam- 
mation, composed  of  transparent,  non-pigmented  tissue,  may  be  found  ;  and 
at  these  points  the  retina  is  atrophic.  These  areas  appear  at  first  as  deeply 
pigmented  spots,  having  a  bright  yellowish  center  and  surrounded  by  a  red 
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Fig.  229.— Central  choroiditis  (De  Wecker  and  Jaeger).  The  circular  character  of  the  patch  and  the  ex- 
posure and  partial  atrophy  of  the  deep  vessels  are  well  shown. 

hvperemic  ring.  Later  on  these  areas  become  flatter,  are  bordered  with  pig- 
ment, and  traversed  by  choroidal  vessels.  This  is  areolar  choroiditis  (Forster). 
In  both  areolar  and  disseminated  choroiditis  the  regions  of  the  fundus  be- 
tween the  diseased  areas  are  usually  sound  in  the  earlier  stages  of  the  alFection. 

23 
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Sometimes  the  exudates  are  loeated  eliiefly  in  tlie  maeiilar  region  {central 
choroiditk,  Fig.  2251).  'Hu'  disturbanee  in  visual  acuity  in  tliis  variety  of  the 
atieetion  is  verv  pronouneed.  While  any  of  the  causes  mentioned  above  may 
give  rise  to  central  choroiditis,  its  most  frequent  cause  is  myopia  of  high  grade. 
Among  other  special  causes  are  contusions  of  the  eyeball ;  for  instance,  a  blow 
w  hich  gives  rise  to  rupture  of  the  choroid  will  often  be  followed  by  choroidal 
changes  in  the  macular  region. 

The  macular  region  may  be  the  seat  of  a  large  white  patch,  while  the  rest 
of  the  fundus  is  normal  (.sc/i/Vc  areolar  atrop/iy  of  the  choroid). 

Again,  in  the  same  locality  may  be  found  small  white,  glistening  spots 
closely  resembling  the  changes  which  are  seen  in  albuminuric  retinitis. 
Generally  these  changes  are  found  in  both  eyes.  They  constitute  the  .senile 
f/uttate  choroiditis  of  Tay  and  Hutchinson.  The  white  specks  are  due  to 
colloid  degeneration  of  the  choroid  (Fig.  230). 


Fig.  230.— Colloid  cliangc  in  the  macular  region  (de  Schweiuitz). 


Changes  in  the  macular  region,  consisting  of  white  ])laques  of  various  sizes 
and  shapes,  associated  with  atrophy  of  the  choroid  at  the  border  of  the  disk, 
are  often  seen  in  high  grades  of  myopia,  and  are  sjioken  of  as  mi/ojjic  choroid- 
itis. The  peculiar  crescent-shaped  area  at  the  disk  is  known  as  posterior 
staphyloma,  and  is  to  be  attributed  to  the  protrusion  of  the  sclera  backward. 

Patches  of  choroidal  atrophy  may  be  found  at  any  point  in  the  fundus, 
and  may  result  from  various  causes,  as  from  the  action  of  brilliant  light  or 
the  glare  of  heat,  or  from  the  so-called  hemorrhagic  choroiditis  in  voung  men 
(Hutchinson).  These  and  other  changes  in  the  choroid  which  are  typical  of 
no  special  lesion  are  regarded  as  unclassified  forms  of  cJioroiditis. 

Diagnosis. — It  is  certain  that  in  the  majority  of  cases  there  are  changes 
in  the  retina,  so  this  condition  may  be  assumed  to  be  present.  It  is  very  often 
a  question,  however,  whether  the  exudates  seen  with  the  ophthalmoscope 
lie  in  the  retina  or  tlu;  choroid.  Retinal  exudates  are  supposed  to  be  more 
o])aque,  and  to  be  bordered  by  fine  radiating  lines  corresjionding  to  the 
direction  of  the  nerve-fibers  (Meyer).  The  blood-vessels  of  the  retina  in 
retinitis  are  tortuous,  and  often  disappear  under  the  exudates,  while  the  course 
of  the  retinal  vessels  may  be  plainly  traced  when  the  exudates  lie  in  the 
choroid  ;  and  this  rule  also  applies  to  the  situation  of  ])igment-masses.  Masses 
of  pigiiaent  resembling  bone-corpuscles  are  always  situated  in  the  retina  (Net- 
tleship). 
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Prog-nosis. — When  atrophy  of  tlie  clioroid  has  taken  place,  the  outlook  is 
absolutely  bad.  Floating  opacities  in  the  vitreous  body,  as  a  rule,  persist  in 
spite  of  all  treatment.  As  a  general  thing,  tlie  prognosis  in  clioroiditis  is 
unfavorable,  and  worse  when  the  changes  are  prominent  in  the  macuhir  region. 
Of  course  the  earlier  the  disease  is  recognized  the  more  may  be  lioped  for 
from  treatment.  Those  cases  clearly  due  to  syphilis  offer  the  best  chances 
for  improvement. 

Treatment. — Antisyphilitic  treatment  in  certain  cases  is  followed  by  im- 
provement, and  even  by  cure.  Recurrences  are  very  common.  In  cases 
where  syphilis  can  be  excluded  the  mercurials  and  iodid  of  potassium  through 
their  absorptive  ])ower  do  good  service,  and  should  be  used.  The  applica- 
tion of  six  or  eight  leeches  or  the  artificial  leech  (Heurteloup)  to  the  skin 
behind  the  mastoid  process  has  been  strongly  recommended.  Good  results 
have  been  reported  from  the  injection  of  ^  grain  of  muriate  pilocarpin  every 
other  night.  Cod-liver  oil  and  iron  are  specially  indicated  in  children.  The 
eyes  should  not  be  used  for  work,  and  dai'k  glasses  are  advisable.  Subcon- 
junctival injections  of  bichlorid  and  cyanid  of  mercury  have  been  recommended 
by  Darier  and  others,  but  are  of  doubtful  value. 

2.  Suppurative  Choroiditis. — As  the  name  implies,  this  is  an  affection 
of  the  choroid  suppurative  in  character,  and  one  which  rapidly  involves 
the  iris  and  ciliary  body. 

Etiolog-y. — The  most  frequent  causes  are  injuries  from  penetrating  for- 
eign bodies.  Sup})urative  choi'oiditis  sometimes  follows  unsuccessful  cataract 
operations.  No  matter  what  kind  of  instrument  produces  the  wound,  after 
all  infection  is  responsible  for  the  suppurative  process.  Sloughing  ulcers  of 
the  cornea  and  the  progress  inward  of  the  suppuration  may  be  responsible  for 
the  affection. 

The  disease  may  residt  from  endogenous  infection — that  is  to  say,  from 
the  organism  itself.  In  these  cases  septic  substances  form  a  focus  of  inflam- 
mation, get  into  the  circulation,  and  are  carried  into  the  choroidal  vessels, 
and  here  stop  and  form  a  septic  embolus,  which  at  once  gives  rise  to  the 
choroiditis  {niefasfatic  choroiditis).  This  phenomenon  is  sometimes  seen  in 
the  pyemia  of  the  puerperal  state.  SupjMirative  choroiditis  may  follow  cerebro- 
spinal meningitis  and  tyj^iuis.  Inflammation  of  the  umbilical  vein  and  throm- 
bosis of  the  orbital  veins  have  been  known  to  cause  the  disease. 

Pathological  Anatomy. — The  choroid  and  retinaare  enormously  thickened 
and  inflltrated  with  round-cells.  In  fact,  in  advanced  stages  the  choroid  and 
retina  lose  their  identity  almost  entirely,  and  we  sinijdy  And  large  areas  made 
up  of  coagulated  material  and  round-cells,  with  here  and  there  a  clump  of 
])igment-granules.  The  exudate  having  found  its  ^vay  into  the  vitreous  body, 
the  latter  is  converted  into  a  homogeneous  mass  of  exudate.  Round-cell 
infiltration  of  the  iris  and  ciliary  body  is  seen  with  numerous  hemorrhasres 
and  more  or  less  change  in  the  pigment-epithelium,  the  latter  changes  mani- 
festing themselves  either  in  a  breaking  u])()r  in  an  entire  disappearance  of  the 
epithelium. 

Symptoms. — The  lids  are  red  and  swollen,  so  much  so  that  often  they  can- 
not be  opened,  and  the  orbital  tissue  is  frequently  so  infiltrated  as  to  interfere 
with  the  movements  of  the  eyeball.  The  conjunctiva  is  intensely  congested, 
often  reaching  the  grade  of  chemosis.  The  cornea  sooner  or  later  becomes 
clouded,  but  before  the  media  have  lost  their  transparency  one  can  see  the 
characteristic  yellowish  reflex  in  the  pupil,  arising  partly  from  the  mass  of  exu- 
date in  the  vitreous  body  and  partly  from  the  detached  retina.  Hypojiy'on  and 
anterior  synechise  are  usually  present.    The  intraocular  tension  is  elevated  in 
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the  earlier  stages,  tlie  pupil  is  dilated,  and  the  anterior  chamber  shallow.  In- 
tense throbbing  pain  is  felt  in  the  orbit  and  brow,  and  sight  is  lost.  Chills 
and  fever  are  frecpiently  present. 

Diagnosis. — Only  one  condition  simulates  the  peculiar  reflex  seen  in  sup- 
purative choroiditis,  and  that  is  glioma  of  the  retina.  Apart  from  the  general 
history,  there  is  this  marked  difference.  In  su])purative  choroiditis  the  ten- 
sion is  always  elevated  in  the  stage  when  it  is  a])t  to  be  first  seen,  and  this 
condition  is  followed  soon  by  either  lowered  tension  or  by  bursting  of  the  eye- 
ball. In  glioma  the  tension  in  its  early  stages  is  normal,  and  increased  ten- 
sion does  not  make  its  api)earance  till  the  latter  stages  of  the  affection.  The 
previous  history  of  the  case  is  probably  the  most  reliable  basis  for  a  differ- 
ential diagnosis  (see  also  ]>ages  400  and  4U4). 

Prognosis. — The  outlook  is  absolutely  bad.  Loss  of  sight  and  shrinkage 
of  the  eyeball  {phthisis  balhi)  are  the  rule. 

Treatment. — It  is  not  possible  to  put  a  stop  to  the  process,  so  all  that  can 
be  done  is  to  relieve  the  suffering  of  the  patient — locally  by  hot  ap])lications, 
and  internally  by  the  administration  of  narcotics.  Violent  and  persistent 
pain  can  be  remedied  by  a  free  incision  in  the  sclera.  This  may  be  found 
necessary  in  those  cases  panophthalnLitis  where  spontaneous  rupture  is  slow 
in  taking  place. 

As  to  the  advisability  of  enucleation  or  evisceration  in  the  acute  stages 
of  panophthalmitis,  there  is  a  difference  of  opinion.  While  a  few  cases  of 
death  have  been  reported  after  the  enucleation,  the  risk  is  very  slight,  and  it 
is  by  no  means  certain  that  the  o])cration  was  responsible  for  the  unha])py 
issue  in  those  few  cases.  Meningitis  has  been  re])orted  after  evisceration, 
and,  indeed,  where  no  operation  was  performed. 

Tuberculosis  of  the  Choroid. — This  condition  was  first  described  by 
Jiiger,  and  later  by  Manz,  Busch,  and  Bouchut.  The  tubercles  a])pear  as 
small,  round,  slightly  elevated,  reddish  or  gray  nodules,  varying  in  size  from 
0.3  to  2.5  nmi.  The  spots  are  sometimes  quite  numerous,  even  as  many  as 
fifty  being  noticed,  and  they  are  distinguished  from  somewhat  similar  cho- 
roidal changes  in  that  they  are  not  surrounded  with  a  border  of  pigment. 
These  nodules  are  usuallv  found  in  the  vicinitv  of  the  optic  nerve. 

The  little  nodules  on  anatomical  examination  are  seen  to  possess  the 
typical  structure  of  tubercles.  A  part  of  them  sometimes  undergoes  caseous 
degeneration  (Manz).  Giant-cells  have  been  observed  in  them  (Alt),  and 
the  tubercle  baeilhs  has  been  demonstrated.  According  to  Cohnheim,  the 
affection  forms  one  of  the  symptoms  of  acute  general  miliarv  tuberculosis, 
and  it  may  aid  in  diagnosticating  the  constitutional  disease. 

Sometimes  a  solitary  fiibrrr/e  is  observed,  which  grows  like  any  other 
intraocular  neoj)lasm,  and  finally  breaks  through  the  sclera.  This  condition 
is  a  rare  one,  and  is  usually  associated  with  cerebral  tuberculosis,  and  is  an 
affection  peculiar  to  children. 

Treatment. — Miliary  tubercles  demand  no  special  treatment,  but  enuclea- 
tion is  the  proper  course  to  pursue  in  solitary  tubercle  in  order  to  prevent  a 
general  infection. 

Atrophy  of  the  Eyeball.— Atrophy  of  the  eyeball  consists  in  a 
gradual  diminution  in  the  size  of  the  eyeball,  accom])anied  with  diminished 
intraocular  tension  and  altered  shape.  The  change  in  the  size  and  shape  is  to 
be  attril)uted  to  the  contraction  of  the  exudates  within  the  eyeball — exudates 
which  have  resulted  from  the  plastic  irido-cyclitis.  Fuchs  says  that  this 
condition  differs  from  phthisis  bulhi  in  that  the  latter  affection  is  a  much  more 
raj)id  one,  and  results  from  the  rupture  of  the  eyeball  and  the  evacuation  of 
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its  contents.  After  panophtlialiuitis  the  eyoball  often  becomes  as  small  as  a 
hazelnut  or  even  smaller,  while  in  atrophy  no  such  stage  is  commonly  reached; 

Essential  Phthisis  Bulbi  {Ophthdlmomalacia). — This  is  a  ver}'  rare 
affection  in  which  there  are  lowered  intraocular  tension  and  diminution  in 
the  size  of  the  eyeball  without  any  assignable  cause.  Photophobia,  neuralgic 
pains,  myosis,  and  partial  j)tosis  are  sometimes  j)resent.  The  condition  may 
last  for  several  days,  and  then  disappear  without  leaving  any  traces.  It  is 
supposed  to  be  due  to  a  lesion  of  the  sympathetic.    It  may  follow  injury. 

Rupture  of  the  Choroid. — Rupture  of  the  choroid  is  caused  by  a 
powerfnl  blow  upon  the  eyeball.  The  blow  has  the  effect  of  stretching 
the  sclera.  At  first  it  is  impossible  to  make  out  the  exact  nature  of  the 
trouble,  owing  to  the  extravasations  in  the  vitreous  body.  As  soon  as  the 
vitreous  body  becomes  transparent  one  can  see  a  long,  bright,  sickle-shaped 
streak  on  the  temporal  side  of  the  papilla,  and  with  the  concavity  of  the 
sickle  directed  toward  the  papilla.  AVlicn  first  seen  the  streak  is  yellowish 
in  color,  but  it  soon  becomes  white  and  has  a  pigmented  border.  Small 
spots  of  choroidal  atrophv  are  frequently  seen  in  the  neighborhood  of  the 
rent,  and  these  changes  may  invade  the  macular  region.  It  is  certain  that 
the  retina  and  sclera  are  both  injured.  The  retinal  vessels  will  generally  be 
seen  passing  over  the  injured  point,  except  in  those  cases  where  the  retina 
itself  particijiates  in  the  rupture.  No  good  reason  has  been  advanced  as  to 
why  the  posterior  part  of  the  choroid  is  disposed  to  rupture.  We  may  have 
the  rupture  occurring  in  one  spot  or  in  several  spots  (Plate  3,  Fig.  III.). 

The  vision  at  first  is  almost  extinguished,  but  after  the  blood  in  the  vitre- 
ous clears  away  good  vision  is  often  restored.  Cases  are  reported  by  Knapp 
and  Saemisch  where  central  visual  acuity  returned  to  almost  the  normal  stand- 
ard. As  a  consequence  of  rupture  of  the  choroid,  retinal  detachment,  glau- 
coma, and  optic-nerve  atrophy  have  been  observed.  Traumatic  cataract  and 
dislocation  of  the  lens  are  also  complications  (see  page  364).  The  treatment 
consists  in  a  compress  bandage  and  atropin.  It  is  doubtful  whether  the  sub- 
sequent use  of  strychnin  or  iodid  of  potassium  does  good. 

Detachment  of  the  Choroid. — This  is  an  exceedingly  rare  condition. 
One  observes  a  round-looking  mass  projecting  into  the  vitreous  body.  The 
surface  of  this  mass  is  perfectly  smooth,  and  the  retinal  vessels  can  be  seen 
upon  it.  The  color  of  the  protuberance  is  sometimes  yellowish,  with  pig- 
mented areas  here  and  there  about  it.  Meyer  says  it  may  be  distinguished 
from  detachment  of  the  retina  because  it  does  not  move  with  every  movement 
of  the  eyeball.  Detachment  of  the  retina  is  usually  present.  The  tension  in 
detachment  of  the  choroid  is  always  diminished.  Marshall  thinks  that  the 
following  factors  are  necessary  to  cause  this  condition  :  hyalitis  with  shrink- 
inar :  choroido-retinitis  leadinij;  to  adhesions  and  serous  exudation  lietween  the 
choroid  and  sclerotic.^  Risley  reports  detachment  of  the  choroid  caused  by 
the  concussion  at  the  discharge  of  a  gun.^ 

Ossification  of  the  Choroid. — This  is  not  infrequently  found  in 
shrunken  eyes  where  sight  has  been  lost  many  years  previously.  A  thin 
shell  of  bone  is  found  in  the  posterior  part  of  the  eyeball,  with  a  small  hole 
in  its  middle  for  the  ])assage  of  the  optic  nerve  ;  or  sometimes  simply  a 
spicule  is  found.  The  mass  possesses  all  the  histological  characteristics  of 
bone  anywhere  else  in  the  body.  The  eyeball  is  often  painful  to  the  touch, 
and  it  mav  give  rise  to  sympathetic  irritation  ;  so  enucleation  is  always  advis- 
able.    Calcareous  degeneration  is  also  common  in  eyes  of  this  character. 

^  "  Detachment  of  the  Choroid,"  by  C.  D.  Marshall,  Trans.  Ophthal.  Soc.  U.  K.,  xvi.  p.  98. 
Amer.  Journ.  Ophthal.,  March,  1897. 
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The  eye  may  be  injured  in  a  great  variety  of  degrees  and  ways  by  con- 
tact Avith  overheated  substances,  as  hot  vaj^ors,  licjuids,  or  solids;  or  with 
caustics  or  escliarotics,  as  acids,  caustic  alkalies,  and  lime,  whereby  the  parts 
become  burned  or  corroded  ;  or  by  mechanical  forces  or  bodies  impinging 
uj)on  it,  whereby  its  tissues  are  contused,  lacerated,  abraded,  cut,  or  pene- 
trated. 

Injuries  of  the  Cornea  and  Conjunctiva  from  Heat  and  Chem- 
icals.— Heat  and  chemical  substances  affect  the  tissues  of  the  eye  similarly. 
The  anterior  portion  of  the  eyeball  is  most  exposed  to  these  agencies,  and 
is  therefore  more  frequently  injured  by  them,  the  i)alpebrid  conjunctiva  suf- 
fering only  when  the  injurious  substance  gets  beneath  the  lids.  Burning 
gases  and  hot  water  or  oil  cool  quickly,  and  seldom  reach  the  surface  under 
the  lids.  Their  effects,  therefore,  are  more  superficial  and  less  extended  than 
those  of  hot  or  molten  metals  or  of  chemicals  and  lime. 

When  the  injury  is  superficial  a  whitish  film  is  formed  which  is  soon 
thrown  off,  and  the  parts  rapidly  regain  their  epithelium  and  their  normal 
transparency  (Plate  4,  Fig.  I.).  When  the  injury  affects  the  deeper  tissues 
tlie  eschar  is  thicker,  and  its  elimination  leaves  a  granulating  surface,  which 
on  healing  may  contract  or  lead  to  adhesions  if  it  is  on  the  conjunctiva,  or 
produce  an  opacity  if  it  is  on  the  cornea.  Should  the  whole  thickness  of  the 
cornea  be  involved,  a  perforation  will  take  ])lace  with  all  of  its  consequences. 

Symptoms. — Besides  the  appearances  above  noted,  there  are,  imme- 
diately after  the  injury,  severe  burning  ]>ain,  redness  of  the  eyeball,  and 
lachrymation.  Later,  active  inflammation  may  take  place,  witli  increased 
redness,  and  even  chemosis,  of  the  conjunctiva  and  swelling  of  the  lids. 
When  a  considerable  surface  of  the  conjunctiva  is  affected,  the  secretion 
becomes  muco-purulent,  and  sometimes  ]iurulent.  Implication  of  the 
cornea  causes  much  })ain  and  impairment  of  vision. 

Treatment. — Wlien  the  case  is  seen  immediately  and  the  injurv  is  from 
an  acid,  it  should  be  neutralized  by  the  a})}dication  to  the  affected  area  of  a 
weak  alkaline  solution.  For  this  purjwse  bicarbonate  of  soda  or  bicarbonate 
of  potash  (saleratus)  may  be  used.  The  latter  has  the  advantage  of  access- 
ibility, as  it  may  be  found  in  almost  every  house.  When  the  offending  agent 
is  lime,  caustic  soda,  caustic  potash,  or  other  alkali,  it  may  be  neutralized  by 
an  acid  largely  diluted,  and  liere  vinegar,  diluted,  answers  the  purpose,  and 
generally  is  also  within  easy  reach. 

After  neutralizing  the  chemical  and  removing  such  foreign  substances  as 
may  be  present,  the  parts  should  be  cleansed  with  some  mild  antiseptic,  and 
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Fig.  I. — Burn  of  the  bulbiir  conjunctiva  from  bichlorid  of  mercury. 

Fig.  II. — Jinpturp  of  tlie  sclerotic,  with  liemorrliasjc  into  the  anterior  chamber  (after 
iSicliel). 
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iced  cloths  kept  constantly  applied  over  the  eye  till  the  burning  pain  has 
ceased.  Frequent  instillations  of  a  cocain  solution  will  contribute  much 
toward  the  I'elief  of  the  ])ain.  The  subsequent  treatment  is  the  same  as  that 
of  conjunctivitis  or  of  ulceration  of  the  cornea  from  other  causes. 

In  cases  where  opi)osing  surfaces  of  the  conjunctiva  are  denuded,  but  the 
retrotarsal  fold  is  unaft'ected,  adhesion, 
or  symblepharon  (Fig.  231),  may  be  pre- 
vented by  frequently  drawing  tlie  lid 
away  from  the  eyeball  or  by  interposing 
some  smooth,  flat  substance  between 
the  lid  and  ball.  But  when  the  denuda- 
tion includes  the  retrotarsal  fold,  such 
efforts  will  be  absolutely  fruitless  and 
may  as  well  be  withheld.  Sliould  the 
lesion  of  the  ocular  conjunctiva  be 
limited  in  extent,  it  mav  be  covered, 
citlier  mimediately  after  the  injury  or 
after  the  eschar  has  sloughed  off,  bv 
drawnig  the  surrounding  conjunctiva 
over  it  with  sutures  introduced  from 
side  to  side.  Sometimes  adhesions  can 
thus  be  very  much  restricted  or  even 
prevented. 

Mechanical  Injuries  of  the  Cornea  without  the  I/Odgement  of 
^Foreign  Bodies. — These  injuries  include  scratches,  contusions,  su/perjicial 
punctures,  and  erosions,  and  may  be  inflicted  in  a  multitude  of  ways. 

Symptoms. — Injury  of  the  cornea  is  determined  by  inspection,  aided  by 
oblique  illumination,  and  is  shown  by  loss  of  epithelium  and  irregularity  of 
the  injured  surface.  The  denuded  area  may  be  detected  by  coloring  it  with 
fluorescin  (page  145).  Should  ulceration  or  suppuration  of  the  cornea  take 
place,  there  will  be  added  the  appearances  which  these  conditions  usually 
present. 

There  is  a  scratching,  pricking  feeling  in  the  (we  at  first,  and  afterward 
there  may  be  severe  [)ain.  The  eyeball  becomes  red,  there  is  free  lachryma- 
tion,  and,  with  a  lesion  centrally  situated  on  the  cornea,  vision  is  more  or 
less  impaired. 

Prognosis. — This  depends  on  the  part  injured  and  the  ])rogress  of  the 
case.  There  is  impairment  of  sight  in  pro})ortion  to  the  involvement  of  the 
center  of  the  cornea  and  the  distortion  of  it  which  the  injury  and  cicatriza- 
tion cause.  Wounds  of  tiie  cornea  are  extremely  liable  to  infection,  and  are 
therefore  prone  to  ulceration  or  su])puration. 

Treatment. — The  eye  should  first  be  cocainized,  and  the  injured  jiarts 
gently  but  thoroughly  cleansed  with  1  : 4000  solution  of  bichlorid  of 
mercurv,  care  being  exercised  not  to  rub  away  or  loosen  the  adjacent  corneal 
e])ithelium.  Atropin  solution  should  then  be  instilled  and  a  compress 
bandage  a})plied. 

The  subsefpient  treatment  consists  in  using  some  form  of  antisepsis,  con- 
tinuing the  instillations  of  atropin,  and  keeping  the  eye  covered.  Should 
ulceration  or  suppuration  take  place,  it  is  to  be  treated  as  elsewhere  described 
(see  page  315). 

Mechanical  Injuries  of  the  Conjunctiva  without  the  I/Odge- 
ment  of  Foreign  Bodies. — The  conjunctiva  may  be  cid,  lacerated, 
jnnictured,  or  contused  in  many  ways  and  by  many  kinds  of  objects. 


Fig.  231.— Symblepliaron  (Sichel). 
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Symptoms.— An  elTiisioii  of  blood  {ccchipiiosis  of  the  conjunctiva),  fiome- 
timesonly  sliglit,  uiuk'rneatli  tlie  conjunctiva  at  the  site  of  the  injury  is  one 
of  the  most  constant  symptoms.  Tlie  ecchymosis  usually  si)i'eads,  and  may 
even  surround  the  cornea.  A  puncture  or  small  cut  is  not  always  apparent, 
but  when  the  wound  is  larger  it  is  recognized  by  its  roughened  surface  and 
reddened  edges,  and  later  by  the  whitish  ai)i)earance  t)f  the  parts  denuded 
of  conjunctiva.  There  is  seldom  any  j)ain  beyond  a  scratching  feeling,  as 
if  a  foreign  body  were  beneath  the"  lid,  and  the  inflammatory  reaction  is 
seldom  marked. 

Treatment.— When  the  conjunctiva  is  cut  or  torn  in  such  a  manner  as  to 
gap  or  produce  a  flap,  the  eye  should  be  cocainized  and  the  wound  closed  by 
fine  silk  sutures.  Instillations  of  boric-acid  solution  afterward  are  usually  all 
the  treatment  that  is  necessary.  Should  tlie  ecchymosis,  however,  be  large 
and  disfiguring,  its  absorption'  may  be  hastened  by  bathing  the  closed  eye 
with  water  as  hot  as  can  be  borne  for  fifteen  or  twenty  minutes  at  a  sitting, 
repeated  two  or  three  times  a  day. 

Injuries  of  the  Eyeball  from  Contusion,  Concussion,  and 
Compression. — A  blow  on  the  eye  by  some  blunt  substance,  or  striking  the 
eye  against  some  object,  or  a  sudden  compression  of  the  eyeball  by  some 
peculiarly  directed  fi>rce,  or  a  violent  explosion  near  the  eye,  may  result  in  a 
solution  of  continuity  and  contiguity  of  its  tissues,  without  their  being  pene- 
trated by  the  offending  agent  itself.  Such  lesions  are  single  or  iiiultiplc, 
and  consist  in  general  contusions  of  the  ball ;  rupture  of  the  intraocular 
blood-vessels;  rupture  of  the  outer  coat  of  the  eye;  laceration  of  the  iris; 
displacement  of  the  iris ;  laceration  of  the  ciliary  body  ;  detachment  of  the 
choroid  ;  rupture  of  the  choroid  ;  detachment  of  the  retina  ;  rujiture  of  the 
zonula  ;  dislocation  of  the  lens  ;  rupture  of  the  capsule  of  the  lens  ;  iridoplegia  ; 
cycloplegia ;  spasm  of  the  circular  fibers  of  the  iris ;  spasm  of  the  ciliary 
muscle  ;  anesthesia  of  the  retina  ;  "  commotion  "  of  the  retina  ;  and  pigmenta- 
tion of  the  retina. 

Contusion  of  the  ]^yeball. — A  blow  on  the  eye  may  bruise  the  tissues 
without  causing  any  apparent  laceration  or  other  lesion. 

Symptoms. — There  are  redness  and  tenderness  of  the  eyeball,  and  some- 
times pain.  Occasionally  there  is  produced  anesthesia  of  the  retina,  myd- 
riasis, loss  of  accommodation,  spasm  of  the  S]ihincter  of  the  iris,  or  spasm  of 
the  ciliary  muscle,  with  the  symptoms  belonging  to  each. 

Traumatic  amblyopia  or  amaurosis  (Berlin)  is  said  to  exist  when  the 
vision  becomes  slightly  and  transiently  impaired  or  entirely  and  permanently 
lost  without  visible  anatomical  change  in  the  retina. 

A  similar  condition  has  been  described  as  traumatic  anesthesia  of  the  retina 
(Leber),  This  is  shown  hy  weakness,  unsteadiness,  and  impairment  of  vision, 
with  restriction  of  the  visual  field — conditions  which  may  continue  for  several 
weeks  or  months  (see  also  page  414). 

In  mydiiasis  (iridoplegia)  the  pupil  is  usually  widely  dilated.  The  dila- 
tation may  disappear  in  a  few  days,  but  it  is  frequently  permanent.  While 
it  exists  vision  is  dazzled  when  exposed  to  ordinary  daylight  from  the  admis- 
sion of  too  much  lii^ht  into  the  eve. 

Paralysis  of  the  ciliary  muscle  {cycloplegia)  is  often  associated  with  myd- 
riasis, although  it  may  exist  alone.  The  patient  cannot  accommodate  for  near 
objects,  while  the  vision  for  distance  may  not  be  affected. 

Spasm  of  the  iris  and  ciliary  muscle  is  indicated  by  a  contracted  pupil  and 
by  apparent  myopia. 

Treatment. — The  eye  should  be  given  rest,  cold  applications  should  be 
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used,  pilocarpin  or  eserin  sliould  be  instilled  for  mydriasis  and  loss  of  accom- 
modation, and  atropin  for  spasm.  Ketinal  anesthesia  has  been  treated  by 
suggestion,"  on  tlie  theory  that  it  is  hysterical  in  its  nature. 
Rupture  of  the  l^yeball. — Rupture  of  the  outer  coat  of  the  eye  is  of 
rare  occurrence,  and  is  produced  by  extreme  violence.  Its  location  is  scarcely 
ever  in  the  cornea,  but  it  is  most  frequent  in  the  anterior  part  of  the 
sclera.  It  is  largely  determined  by  the  position  of  the  eye  at  the  time  of  the 
injury,  which  is  usually  upward  ;  the  direction  of  the  blow,  which  is  generally 
from  below  or  from  below  and  outward  ;  and  the  comparative  weakness  of 
the  sclera  between  the  margin  of  the  cornea  and  the  ciliary  region.  It  is 
found,  therefore,  in  most  cases  from  one  to  three  Uiillimeters  behind  the  mar- 
gin of  the  cornea  in  the  up])er  or  upper  and  inner  part  of  the  sclera.  Some- 
times it  is  in  the  upper  and  outer  part,  or  directly  inward  or  directly  outward. 
It  is  seldom  directly  outward.  The  rupture  usually  spans  one-third  to  one- 
half  of  the  peri])herv  of  the  cornea.  Partial  rupture  may  occur  in  which  the 
inner  fibers  of  the  sclera  are  torn,  while  tlie  outer  ones  are  more  or  less 
stretched.  Rupture  of  the  eyeball  occurs  almost  exclusively  in  adults  (see 
Plate  4,  Fig.  II.). 

Symptoms. — A  rupture  of  the  eyeball  is  signalized  by  the  following 
symptoms  :  immediate  loss  of  sight,  which  may  or  may  not  be  regained  after- 
ward ;  softness  of  the  eyeball  ;  congestion  and  ecchymosis  of  the  conjunctiva ; 
and,  when  the  conjunctiva  is  not  torn  or  the  ru])ture  is  not  situated  anterior 
to  its  circumcorneal  attachment,  the  presence  of  a  distinct  elevation  or  "tumor" 
of  the  conjunctiva  from  the  extrusion  of  more  or  less  of  the  intraocular 
structures.  The  edges  of  the  rupture  are  ragged,  and  the  lens,  iris,  ciliary 
body,  choroid,  retina,  or  vitreous  humor  may  be  protruding  through  it  or 
entangled  in  it.  Sometimes  the  iris  or  lens  is  entirely  expelled  from  the  eye  or 
lodged  underneath  the  conjunctiva.  The  other  appearances  are  such  as  belong 
to  rupture  of  blood-vessels,  laceration  of  the  iris,  rupture  of  the  choroid,  and 
other  lesions. 

There  is  usually  very  little  if  any  pain  at  any  time,  unless,  as  sometimes 
happens,  severe  inflammation  supervenes. 

Prognosis. — The  ]M'ognosis  is  usually  very  unfavorable,  although  in 
exceptional  cases  useful  vision  has  been  known  to  return.  The  extensive 
lesions,  the  large  amount  of  hemorrhage,  the  excessive  loss  of  vitreous,  and 
the  inflammatory  reaction  are  generally  sufficient  to  produce  loss  of  vision 
and  shrinking  of  the  eyeball.  Should  the  wound  unite  imperfectly,  scleral 
staphyloma  may  follow.  Incarceration  of  the  iris  or  ciliary  body  in  the 
wound  or  a  laceration  extending  into  the  ciliary  body  may  cause  sympaihetic 
ophthalmitis. 

Treatment. — When,  because  of  very  great  injury  of  the  intraocular  struct- 
ures, excessive  hemorrhage  into  the  vitreous  chamber,  or  extreme  collapse  of 
the  eyeball,  there  is  no  possible  hope  of  recovery,  time  and  suffering  can  be 
saved  bv  enucleating  or  eviscerating  the  eye  at  once.  But  when  there  is 
reason  to  believe  that  there  is  a  ])Ossibility  of  the  eye  being  saved  with  par- 
tial vision,  the  practitioner  is  justified  in  making  an  attempt  to  do  so,  at  least 
for  two  or  three  weeks,  during  which  time  there  is  scarcely  any  danger  of 
sympathetic  inflammation.  At  the  end  of  this  time,  if  the  symptoms  promise 
well,  the  effx)rt  may  be  continued.  But  if  not,  further  risk  should  not  be 
taken,  except  under  peculiar  and  pressing  circumstances. 

If  it  be  decided  to  try  to  save  the  eye,  it  should  be  cocainized,  and  with 
strict  antiseptic  precautions  the  ru])ture  should  be  closed.  To  this  end  the 
conjunctiva,  if  not  already  ruptured,  should  be  opened  (contrary  to  the  old 
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practice),  and  all  extraneous  substances  carefully  removed,  both  from  the  out- 
side and  from  between  the  lij^s  of  the  wound.  *  Protruding  iris,  ciliary  body, 
or  other  tissue  should  be  witlidrawn  and  excised  or  cautiously  replaced,  as 
incarceration  \vould  interfere  with  solid  union  or  cause  irritation  in  the  future. 
Anv  loose  shreds  hauoing  from  the  edges  of  the  wound  should  also  be  cut  off. 
Having  thus  made  the  wound  as  clean  and  smooth  as  possible,  a  sufficient 
number  of  fine  antiseptic  sutures,  either  silk  or  catgut,  should  be  introduced 
from  within  outward  and  at  a  depth  sufficient  to  hold  firmly,  and  its  edges 
closelv  drawn  together.  After  tying  and  cutting  otf  the  threads,  the  wound 
shoulil  be  covered,  if  possible,  by  conjunctival  flaps  held  in  place  by  suit- 
ably adjusted  sutures,  (\itgut  siitures  may  be  allowed  to  remain,  but  silk 
ones  should  be  removed  in  two  to  four  days. 

Having  closed  the  wound,  a  solution  of  atro])in  should  be  instilled,  the 
eye  bandaged,  and  the  i)atient  })ut  to  bed  and  kept  quiet  for  several  days. 
Cold  applications  are  useful,  especially  if  inflammatory  reaction  threatens. 
Other  conditions  and  symptoms  are  to  be  treated  as  they  arise  and  according 
to  directions  given  elsewhere. 

When  a  case  is  not  seen  until  after  the  wound  has  united  the  practitioner 
is  generally  (piite  powerless.  Prolapse  of  the  iris  may  be  reduced  hy  the 
galvano-cautery.    Other  lesions  must  be  treated  according  to  indications. 

A  ruptiwe  of  the  cornea  is  to  be  treated  similarly  to  that  of  the  sclera, 
except  that  it  is  not  usually  practicable  to  introduce  sutures  or  to  cover  the 
wound  with  conjunctival  flaps  (see  also  page  569). 

Rupture  of  Ocular  Blood-vessels. — Contusion  of  the  eyeball  may 
rupture  blood-vessels  of  the  iris,  causing  effusion  of  blood  into  the  anterior 
chamber — hyphema — or  of  the  choroid  or  i-etina,  causing  effusion  of  blood 
into  or  beneath  these  membranes  or  into  the  vitreous  humor — hemophthabnUi. 

Symptoms. — There  is  seldom  any  pain  beyond  that  produced  by  the 
contusion.  Tlie  presence  of  the  l)lood  usually  obstructs  the  vision,  either 
partially  or  totally.  When  the  blood  is  in  the  anterior  chamber  it  settles  to 
the  dependent  portion,  and  its  upper  edge  or  surface  is  straight  (see  Plate  4, 
Fig.  II.).  It  is  seen  in  its  natural  color  or  perhaps  a  little  darkened.  Blood 
in  the  vitreous  humor  appears  with  the  o])hthalmoscope  as  a  dark  object,  and 
when  large  in  quantity  it  may  be  seen,  with  the  pupil  dilated,  by  oblique 
illumination  as  a  dark-red  reflection. 

Prognosis. — A  hemorrhage  into  the  anterior  chamber  of  a  previously 
healthy  eye  is  absorbed  in  two  to  four  days,  but  one  into  the  vitreous  humor 
requires  weeks  or  months  for  absorption,  and  when  it  is  of  considerable  size  it 
often  leaves  permanent  residues  and  opacities,  and  may  even  lead  to  disor- 
ganization of  the  vitreous  humor  and  shrinking  of  the  eyeball. 

Treatment. — The  treatment  is  limited  to  covering  the  eve,  giving  it 
rest,  and  instilling  a  weak  solution  of  atropin.  In  some  cases  it  may  be 
preferable  to  instil  ])ilocarpin  instead  of  atropin.  Hot  water  or  hot  fomenta- 
tions continuously  applied  over  the  eye  for  fifteen  to  twenty  minutes  two  or 
three  times  a  day  hasten  the  absorption  of  the  blood.  The  internal  admin- 
istration of  iodid  of  sodium  or  similar  alterative  is  useful. 

Contusion-injuries  of  the  Iris ;  I^acerations  or  Ruptures  of  the 
Iris. — Aside  from  hcmorrliagcs,  the  most  common  lesions  of  the  iris  from 
blows  or  contusions  are  rents  or  lacerations.  In  extreme  cases  the  iris  may 
be  torn  entirely  from  its  peripheral  attachment  {traumatic  aniridia),  and 
w^hen  the  eyeball  is  ruptured  it  may  be  expelled  from  the  eye  or  a  segment  of 
it  may  be  torn  nway  instead  of  the  whole  {traumatic  coloboma)."  Partial 
detachment  of  the  iris  from  its  periphery  at  one  or  more  points  {iridodialysis) 
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is  the  form  of  rent  most  frequently  found.  Radial  lacerations  rarely  occur, 
and  are  usually  at  the  })upillary  border  [rupture  of  .sphincter). 

Symptoms. — Hemorriuige  is  usually  present  in  the  anterior  chamber  at 
first,  and  it  may  obscure  the  parts.  But  after  its  absorption  insi)ection  with 
or  without  oblique  illumination  will  reveal  a  laceration  or  rent  of  the  iris  if 
one  exists,  or  the  absence  of  the  iris  if  it  has  been  expelled.  When  it  has 
been  entirely  detached,  but  not  expelled,  it  will  be  seen  in  the  bottom  of  the 
anterior  chamber  as  a  rounded  mass,  dark  in  color  at  first,  but  soon  changing 
to  an  ash-gray.    It  rapidly  shrinks  to  an  inconspicuous  size. 

In  a  i-ent  of  the  pupillary  border,  involving  as  it  does  the  sphincter  of  the 
iris,  the  pupil  is  widely  and  permanently  dilated  (Fig.  232). 


Fig.  232.— Radial  laceration  of  the  iris  (Harlan).  Fig.  233.— Tridodialysis. 


Traumatic  coloboma  in  connection  with  rupture  of  the  sclera  should  not 
be  mistaken  for  retroflexion  of  the  iris. 

In  iridodialijsiH  the  rent  is  easily  discerned,  unless  very  small  and  hidden 
by  the  opaque  limbus  cornece.  The  portion  of  the  iris  detached  retracts  toward 
the  centre  of  the  ])upil,  and  the  latter  loses  its  circular  form  and  becomes 
somewhat  kidney-shaped  (Fig.  233).  With  the  ophthalmoscoj^e  the  fundus- 
reflex  can  be  seen  through  the  new  opening  as  well  as  through  the  pupil. 

Treatment. — Very  little  can  be  done  to  remedy  most  of  these  lesions. 
Dr.  Eugene  Smith  '  of  Detroit  has  suggested  that  iridodialysis  be  corrected 
bv  making  a  small  incision  at  the  corneo-scleral  junction  at  the  place  of  the 
detaclimeut,  and  by  means  of  ii'is-forceps  catching  the  edge  of  the  iris  and 
drawing  it  into  the  incision.  It  is  usually  held  in  place  by  the  compression 
of  the  lips  of  the  wound  ;  but  if  this  be  not  sufficient,  it  may  be  attached  by 
a  delicate  suture  to  the  neighboring  conjunctiva.  Before  attempting  this 
operation  all  irritation  from  the  original  injury  must  have  subsichnl. 

Displacements  of  the  Iris :  Retroflexion  and  Anteversion. — 
Both  retroflexion  and  anteversion  of  the  iris  are  very  rare.  In  retroflexion 
a  part,  sometimes  the  whole,  of  the  iris  is  thrown  backward,  so  as  to  lie 
against  the  ciliary  body.  The  pupillary  portion  alone  may  be  thus  dis])laced, 
or  it  may  carry  with  it  the  whole  width  of  the  membrane.  It  occurs  almost 
exclusively  in  cases  where  the  lens  has  also  become  dis])laced.  Only  a  part 
of  the  circumference  of  the  iris  is  imjilicated  in  most  cases,  and  this  part 
becomes  invisible,  the  appearance  being  much  like  that  of  an  iridectomy. 
When  the  whole  iris  has  thus  receded  the  appearance  is  that  of  aniridia. 

In  anteversion  a  portion  of  the  iris  is  torn  from  its  ])eriphery  (irido- 
dialysis), and  the  loosened  segment  is  twisted  upon  itself  or  turned  over  so 
that  its  posterior  surface  is  directed  forward.  The  exposure  to  view  of  the 
pigment-surface  of  the  iris  and  the  partial  or  complete  obstruction  of  the 
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pupil,  togetluT  with  tho  traumatic  opeuiug  of  the  iridodialy.sis,  determiue- 
the  existeuce  of  this  double  lesiou. 

Tiiese  displacenieuts  call  for  uo  treatment,  unless  the  vision  be  inter- 
fered with  in  antevcrsion  by  the  detached  membrane  lying  across  the  pupil, 
when  it  mav  be  excised  by  an  iridectomy. 

Contusion-injuries  of  the  Ciliary  Body.— These  undoubtedly  may 
occur,  but  outside  of  such  as  accompany  rupture  ()f  the  sclera  their  existence 
is  alwavs  dit!icult  to  ascertain  and  tlicir  diagnosis  is  doubtful. 

Contusion-injuries  of  the  Choroid.— These  are  hemorrhage,  detach- 
ment, or  rupture. 

Hemon-har/c  may  take  ))lace  beneath  the  choroid,  into  its  substance,  or 
into  the  vitreous  humor.  In  itself  it  obstructs  the  visual  field,  either  as  a 
wiiole  or  in  sections,  according  to  its  extent  and  situation.  When  the  hem- 
orrliage  is  in  or  beneath  the  choroid  it  may  be  small  or  large,  and  appears 
with  the  ophtiialmoscope  as  a  bright-red  spot  of  ii-rcgular,  oval,  or  circular 
form.  The  retinal  vessels  pass  over  it  without  interruption.  In  extravasa- 
tions into  the  vitreous  humor  the  conditions  and  appearances  are  those  already 
described. 

Detachment  of  the  choroid  is  but  tiie  effect  of  a  subchomidal  hemorrhage. 
It  disappears  with  the  absorption  of  the  blood,  and  unless  it  is  very  small  a 
long  time  will  be  recpiired  to  accomi)lisli  this  result.  Spots  of  localized  de- 
generation and  atroj)hy  of  the  choroid  will  be  left  with  pigmentary  deposits 
around  them  (see  also  page  357). 

Rupture  of  the  choroid  is  usually  single  and  situated  between  the  optic 
disk  and  macula  lutea,  and  the  retina  is  seldom  involved.  It  is  generally 
curved  and  runs  vertically,  its  concavity  being  toward  the  optic  disk.  It 
varies  in  width  from  one-third  to  one-half  the  diameter  of  the  optic  disk, 
tiipering  toward  its  extremities,  and  in  length  from  one  to  four  diameters. 
Excej)tionally,  there  may  be  more  than  one  rupture,  or  it  may  l)e  branched 
and  its  direction  may  be  oblique  or  horizontal. 

The  rupture  cannot  be  seen  until  the  blood,  which  has  generally  been 
effused  into  the  vitreous  humor,  has  been  absorbed.  It  is  then  shown  by  the 
ophthalmoscope  as  a  more  or  less  sharply  defined  rent,  at  first  yellowish  with 
red  margins,  and  later  white  with  pigmented  margins,  and  with  retinal  ves- 
sels passing  unbroken  across  it  ((consult  Plate  3,  Fig.  III.).  Detachment  of 
the  retina  sometimes  follows  cicatrization  of  a  ruptured  choroid. 

In  rupture  of  the  choroid  vision  is  at  first  much  reduced  or  lost.  After 
two  or  three  weeks  sight  begins  to  return,  but  it  is  seldom  fully  regained. 
There  is  always  left  a  scotoma  corresponding  to  the  rupture,  and  metamor- 
phojxsia  is  a  common  sequence  (see  also  page  357). 

Concussion-injuries  of  the  Retina.— A  blow  on  the  eye  may  cause 
hemorrhage,  rupture,  detachment,  so-called  "commotion,"  or  pigmentation 
of  the  retina. 

A  retinal  hemorrhage  is  easily  recognized  by  its  elongated,  irregular  shape, 
by  the  break  of  continuity  of  a  retinal  vessel,  and,  if  near  the  macula  lutea, 
by  a  disturbance  of  vision  and  scotoma.  The  edges  of  the  rent  are  ragged 
and  the  choroidal  vessels  are  sometimes  exposed.  Whitish  cicatricial  lines, 
bordered  with  pigment,  are  seen  later  (Fig.  234). 

"  Commotio  retina^."  is  a  term  used  to  designate  a  peculiar  effect  charac- 
terized by  edematous  swelling  and  opacity  of  the  retina,  usually  at  the 
posterior  part  of  the  eye  at  a  point  opposite  to  that  struck.  It  begins  an 
hour  or  tw^o  after  the  injury  in  disseminated  patches  as  grayish  or  dotted 
opacities.    These  gradually  coalesce  and  become  more  dense,  until  there  is 
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one  continuous,  wliitish,  and  even  brilliantly  white  surface  of  ten  to  twelve 
optic-disk  diameters.  This  opacity  is  at  its  heiglit  in  twenty-four  to  twenty- 
six  hours,  and  usually  disappears  in  two  or  three  days.  There  may  be 
retinal  hemorrhages,  and  the  I'ctina  may  be  ruptured  or  fissured,  but  its 
vessels  are  not  hidden  by  the  opacitv. 

The  vision  is  much  reduced  or  abolished  at  first.  It  improves  for  a  short 
time  rapidly,  but  afterward  slowly.  The  central  part  of  the  field  is  that 
principally  affected,  and  there  seems  to  be  no  relation  between  the  state  of 
vision  and  the  extent  or  depth  of  the  opacity.    The  vision  is  further  dis- 


FlG.  234.— Ophtlialiiioscopic  appearance  of  traumatic  rupture  of  the  inferior  temporal  vein  (Oliver). 

turbed  by  astigmatism  caused  by  irregular  spasm  of  the  ciliary  muscle  and 
iris. 

Detachment  of  the  retina  from  a  blow  is  not  different  in  character  and 
symptoms  from  that  due  to  other  causes  (page  428). 

Pigmentation  of  the  retina  is  another  result  of  contusion,  and  ehoroiditis, 
in  all  particulars  resembling  th{^  exudative  variety  of  this  disease,  may  have 
the  same  origin  (see  also  page  354). 

Treatment. — In  all  these  lesions  the  eye  should  be  shaded  and  given  rest. 
Atropin  should  be  instilled  when  there  is  evidence  of  spasm  of  the  iris  or 
^^iliary  muscle.  Detachment  of  the  retina  is  to  be  treated  like  the  non-trau- 
matic form  of  the  disease  (see  page  430). 

Contusion-injuries  of  the  Crystalline  lyens. — Contusion  of  the 
eyeball  may  cause  rupture  of  the  zonula,  dislocation  of  the  lens,  rupture  of 
the  anterior  or  posterior  capsule  of  the  lens,  with  opacity,  or  there  may  be 
opacity  of  the  lens  without  rupture  of  its  capsule. 

Rupture  of  the  Zonula. — This  occurs  u.sually  in  connection  with  dislo- 
cation of  the  lens.    There  is  loss  of  accommodation  and  an  increase  of  the 
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refraction  of  the  eve.  The  anterior  chamber  is  sometimes  deepened  and  the 
iris  trcnuilous. 

There  is  no  remedy  for  this  lesion. 

Dislocation  of  the  I/Cns. — Tlie  lens  may  be  dislocated  in  different 
directions  and  degrees.  In  rnptiire  of  the  sclera  it  may  be  expelled  or  lodged 
beneath  the  conjiuictiva.  It  may  be  ti))ped  or  turned  on  its  equatorial  ])lane, 
or  thrown  partly  through  the  i)upil  and  there  held  by  the  sphincter  of  the 
iris,  or  it  may  be  completely  dis])laced  forward  into  the  anterior  chamber  or 
backward  into  the  vitreous  humor.  In  all  cases  the  zonula  is  ruptured  and 
the  lens  sooner  or  later  becomes  opaque  (Figs.  235  and  236). 


Fig.  235.— Dislocation  of  Ions  into  the  anterior  cham-     Fig.  236.— Subconjunctival  dislocation  of  the  lens 
ber  of  highly  myopic  eye  (de  Schweinitz).  (de  Schweinitz). 


Symptoms. — In  partial  dislocations  vision  becomes  greatly  impaired  by 
the  irregular  refraction  of  the  margin  or  the  obliquity  of  the  lens,  or  by  its 
oj)acity.  When  the  lens  is  dislocated  into  the  anterior  chamber  and  remains 
transparent  the  refraction  is  increased  and  the  vision  is  myopic.  When  it  is 
completely  disjdaced  into  the  vitreous  humor  the  refraction  is  diminished 
and  the  vision  is  that  of  an  aphakic  eye. 

A  transparent  lens  in  any  position  when  seen  with  the  o])hthalmosco]">e 
gives  a  reddish  or  yellowish  reflex  through  its  body,  while  its  margins,  if 
they  can  be  seen,  are  dark  or  quite  blnck.  When  in  the  anterior  chamber 
these  appearances  are  intensified,  and  it  is  seen  as  a  pale,  yellowish,  or  "  pale- 
wine  yellow"  pellucid  body  with  a  brilliant  reflection  from  near  its  edge  of  a 
golden  luster.  When  the  lens  is  opaque  it  is  shown  both  by  the  0])hthalmo- 
scope  and  oblique  illumination  as  a  rounded,  smooth,  dark  or  grav  body, 
sometimes  becoming  quite  white.  In  the  anterior  chamber  it  generally  causes 
much  irritation,  and  sometimes  severe  inflammation,  with  increased  tension 
and  loss  of  vision.  In  the  vitreous  humor  it  causes  a  deepening  of  the  ante- 
rior chamber  and  the  iris  becomes  tremulous.  Sometimes  it  is  fixed  in  the 
bottom  of  the  vitreous  humor,  and  sometimes  it  moves  about.  It  mav  remain 
in  this  position  without  doing  harm  for  a  long  time  ;  but  generally,  sooner  or 
later,  it  causes  glaucouui,  cycliti^,  and  other  secondary  diseases,  and  even 
sympathetic  mflaimnation. 

Treatment. — A  lens  dislocated  under  the  conjunctiva  may  be  left  to  dis- 
integrate and  absorb,  or  it  may  be  removed  through  an  opening  in  the  con- 
junctiva. 

In  a  partial  dislocation  an  iridectomy  may  be  made  M'hen  the  margin  of 
the  lens  lies  in  the  axis  of  vision.    When  the  lens  is  incarcerated  in  the 
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pupil  or  it  becomes  opaque,  it  may  be  })roi)er  to  dispose  of  it  by  discission  or 
extraction,  according-  to  tlic  age  of  the  patient. 

When  the  dislocation  is  into  the  anterior  chamber,  an  effort  may  be  made 
to  reduce  it  by  gentle  pressure  or  rubbing  over  the  cornea,  either  with  or 
withont  a  scleral  incision  behind  the  ciliary  l)ody  to  diminisii  the  tension. 

Should  reduction  be  impossible  and  much  irritation  or  inflannnation  be 
present,  the  lens  should  be  extracted  through  a  corneal  incision.  It  uiay  be 
supported  during  the  operation  by  the  "  bident"  of  Agncw. 

A  lens  dislocated  into  the  vitreous  chamber  need  not  be  disturbed  unless 
irritation  or  inflammation  take  place,  and  then  attempts  may  be  made  to 
extract  it.  This,  however,  is  an  uncertain  procedure,  especially  with  a  floating 
lens,  which  it  is  almost  impossible  to  "fish  "  out. 

In  any  form  of  dislocation  of  the  lens  its  extraction  is  necessarily  followed 
by  loss  of  vitreous  humor  (see  also  page  582). 

Rupture  of  the  Capsule  of  the  I^ens. — When  the  capsule  is  torn, 
whether  anteriorly  or  posteriorly,  the  lens  gradually  becomes  opaque.  The 
rapidity  with  which  this  takes  place  depends  upon  the  size  of  the  rent.  In 
some  cases,  where  the  latter  is  very  small,  it  closes  and  heals,  and  the  opacity 
remains  partial.  To  the  symptoms  of  cataract  are  added  thf)se  of  the  irritant 
effects  of  swelling  of  tlie  lens  oi'  the  exuding  of  its  substance  into  the  aqueous 
humor. 

The  pupil  should  be  kept  as  widely  dilated  as  possible  by  atropin,  and 
the  lens  should  be  extracted  when  its  swelling  causes  dangerous  reaction. 

Contusion  of  the  I^ens. — The  lens  may  be  bruised  or  contused  with- 
out rupture  of  its  capsule.  It  is  followed  by  opacity,  with  all  the  symptoms 
of  non-traumatic  cataract. 

The  treatment  is  that  of  spontaneous  cataract. 

Penetrating-  Wounds  of  the  Byeball. — Penetrating  wounds  of  the 
eyeball  are  generally  situated  in  its  anterior  part,  and  most  frequently  in  the 
cornea  or  corneo-scleral  junction.  They  assume  great  varieties  of  form,  size, 
and  shape,  some  being  so  small  as  scarcely  to  be  traced,  and  others  so  extensive 
as  to  destroy  a  large  ])ortion  of  the  eyeball.  They  may  be  limited  to  the  cornea 
or  sclera  alone,  or  they  may  extend  deeper  into  the  iris,  lens,  and  the  structures 
beyond,  and  even  pass  through  the  eye  into  the  orbit. 

Symptoms. — The  symptoms  vary  with  the  nature  and  depth  of  the 
wound.  When  the  penetrating  object  is  small  only  a  minute  corneal  opacity 
or  abrasion  or  an  o]xicity  of  the  lens  will  mark  its  course.  But  when  a 
wound  is  of  larger  size  it  is  readily  seen  ;  the  evacuation  of  a  jwrtion  of  the 
intraocular  fluids  causes  the  eyeball  to  become  softened,  and  there  may  be 
prolapse  of  the  subjacent  structures.  Hemorrhage  into  some  part  of  the  eye 
usually  takes  place.  Careful  examination  should  be  made  for  rents  in  the  iris, 
opacities  of  the  lens,  and  lesions  in  the  fundus  when  the  parts  are  not  ob- 
scured, using  the  ophthalmoscope  and  oblique  illumination  for  this  ])urpose. 

The  effect  of  penetrating  wounds  upon  the  state  of  vision  depends  upon 
the  nature  of  the  lesions  present.  These  may  be  so  slight  as  not  to  disturb 
vision  at  all,  or,  if  disturbed,  only  for  a  brief  time  ;  or  they  may  be  so  ex- 
tended that  the  vision  is  totally  and  permanently  lost.  Very  little,  if  any, 
pain  is  experienced,  unless  inflammation  develops. 

In  all  j)enetrating  wounds  there  is  great  danger  of  infection,  and  inflam- 
mation, with  or  without  su])puration,  is  therefore  a  frequent  sequence.  An 
exuding  and  swollen  lens  is  also  a  potent  cause  of  iritis  and  cyclitis. 

Prog-nosis. — The  ])rognosis  depends  very  much  u})on  the  situation  and 
nature  of  the  wound.    Opacities  of  the  cornea  and  lens  may  obstruct  vision, 
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and  injiirv  of  the  retina  in  the  niuenlar  region,  very  large  hemorrhages,  or 
great  h\ss'of  vitreous  may  at  once  destroy  it.  An  inflammation  of  the  ins 
and  ciliary  body,  caused  by  a  wounded  lens,  is  very  liable  to  lead  to  obstruc- 
tion or  closure  of  the  pupil  and  softening  and  shrinking  of  the  eyeball. 
Punctured,  ragged,  or  gaping  wounds  of  the  ciliary  body  are  always  serious, 
and  thev  especiallv  predisj)ose  to  inflammation  of  tiie  fellow-eye  (page  347). 

Treatment. — In  all  cases  the  strictest  antisepsis  should  be  observed. 
The  wound  should  be  freed  of  all  included  structures  by  excision  or  replace- 
ment, made  scrupulously  clean,  and,  whenever  possible,  closed  by  sutures 
and  conjunctival  flaps.  When  sutures  cannot  be  used  the  lips  of  the  w^ound 
may  often  be  approximated  or  completely  closed  by  a  compress-bandage  over 
the  eye. 

Hemorrhages  and  inflammatory  reaction  are  to  be  treated  as  elsewhere 
indicated.  In  some  cases  it  is  best  to  perform  an  iridectomy  and  extract  a 
wounded  and  swollen  lens.  This  will  sometimes  save  the  eye,  but  it  more 
often  fails.  On  this  subject  that  master  of  ophthalmology,  Arlt,  has  said  : 
"  Such  removal  of  the  lens  is  to  be  considered  more  as  a  (loubtful  remedy,  as 
we  seldom  succeed  in  removing  the  lens  as  a  whole,  or  even  its  greater  part, 
and  thus  do  not  obviate  the  dangers  of  mechanical  irritation  or  of  increased 
pressure ;  perhaps,  indeed,  we  even  increase  them." 

The  causes  of  sympathetic  inflammation  not  usually  being  operative 
during  the  flrst  two  or  three  weeks,  an  effort  may  be  made  in  some  cases  to 
save  the  wounded  eye.  Should  improvement  be  rapid  during  this  period, 
should  no  symptoms  of  cyclitis  appear,  and  especially  should  there  be 
promise  of  serviceable  vision,  such  effort  may  be  continued,  but  always  with 
a  great  deal  of  caution.  On  the  other  hand,  should  cyclitis  of  the  injured 
eye  develop  and  continue,  and  especially  should  vision  be  hopelessly  lost, 
enucleation  or  evisceration  should  be  performed  before  the  expiration  of 
three  weeks. 

There  are  cases  in  which  the  eye  is  so  seriously  wounded  that  no  attempt 
should  be  made  to  save  it,  but  enucleation  or  evisceration  should  be  done 
without  delay. 

Foreigii  Bodies  on  the  Conjunctiva  and  Cornea. — Minute  bodies 
of  various  kinds  may  become  lodged  on  the  conjunctiva  beneath  the  lids 
(usually  the  u})per  one  near  the  center),  or  on  the  cornea,  becoming 
imbedded  in  its  epithelium.  When  the  force  is  sufficient,  as  in  explosions, 
they  may  be  driven  deeply  into  the  corneal  substance. 

A  foreign  body  on  the  conjunctiva  alone  is  scarcely  felt,  but  when  on  the 
cornea  or  rubbing  against  it,  it  jH'oduces  a  scratching  or  pricking  pain,  which 
is  not  usually  severe.  There  is  considerable  lachrymation  and  the  eye 
becomes  red.  If  the  body  is  not  removed  soon,  it  may  excite  inflammation, 
particularly  if  it  is  on  the  cornea.  In  the  latter  case  also  it  may  cause  ulcera- 
tion of  the  cornea  at  the  point  where  it  is  lodged.  This  sometimes  extends 
and  causes  destruction  of  the  eye. 

The  foreign  body  is  detected  by  careful  inspection,  aided,  if  necessary, 
by  oblique  illumination. 

Treatment. — A  body  which  is  not  imbedded  deeper  than  the  epithelium 
of  either  the  conjunctiva  or  cornea  should  be  picked  away  with  some  steril- 
ized, sharp-pointed  instrument.  AVhen  one  is  driven  into  or  beneath  the  ocu- 
lar conjunctiva,  it  may  be  excised,  taking  with  it  the  least  possible  amount 
of  thi  s  membrane.  When  it  is  imbedded  in  the  substance  of  the  cornea  it 
should  be  picked  out  with  as  little  injury  as  possible  to  the  surrounding 
tissue.    It  is  generally  impossible  to  remove  grains  of  poioder  in  this  way, 
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and  tliey  can  be  allowed  to  remain  without  danger  of  ulceration  or  suppura- 
tion. Thev  simply  leave  black  stains.  Dr.  Edward  Jackson  of  Philadelpiiia 
has  suggested  burning  them  out  with  a  galvano-cautery  ])oint.  But  such  a 
point  must  be  very  small  and  used  with  great  care,  or  the  effects  of  the  burn 
will  be  worse  tiian  those  of  the  powder.  It  should  not  be  forgotten  that 
more  than  one  body  may  be  present  at  the  same  time. 

Foreign  Bodies  within  the  Byeball. — Any  small,  hard  object,  such 
as  a  splinter  of  wood,  scale  of  iron  or  steel,  spicule  of  brass  or  cop])er,  frag- 
ment of  stone  or  glass,  may  be  projected  witii  sufficient  force  to  ]>enctrate  the 
coats  of  the  eye  and  become  lodged  at  any  point  within  them.  It  usually 
enters  through  the  anterit)r  part  of  the  eye,  and  most  frequently  through  or 
very  near  the  cornea. 

Symptoms. — The  symptoms  are  essentially  those  of  a  penetrating  wound, 
to  which  are  added  sucli  as  are  caused  by  the  presence  of  the  fijreign  body. 
The  latter  are  at  first  negative,  but  later  unusual  iri'itation  and  inflammation 
develop,  with  corresj^onding  symj)t()ms. 

Diagnosis. — The  history  of  the  accident  is  of  great  importance.  The 
circumstances  under  which  it  happened,  the  occupation  engaged  in,  the  small 
size  of  the  object  striking  the  eye,  the  direction  of  its  course,  whether  or  not 
it  was  seen  after  striking  the  eye,  the  immediate  eifect  on  vision,  and  kindred 
information,  should  be  ascertained,  if  possible.  Unfortunately,  sucii  infor- 
mation is  often  very  incomplete. 

If,  at  the  time  of  an  explosion  of  a  percussion-cap  or  the  discharge  of  a 
shot-gun,  or  while  hammering  iron  or  steel  or  cutting  stone,  a  small  object 
that  was  not  afterward  seen  has  struck  the  eye  and  perforated  the  cornea  or 
sclera,  the  probability  that  it  has  entered  the  eye  is  so  strong  as  to  become 
almost  a  certainty.  The  reason  of  this  is  apparent  when  it  is  remembered 
that  the  resistance  of  the  intraocular  fluids  is  not  sufficient  either  to  check 
the  course  of  the  body  or  to  cause  it  to  rebound,  and  a  force  which  M  as  great 
enough  to  cause  it  to  cut  through  the  tough,  outer  coat  would  carry  it  farther 
into  the  eye  after  the  opening  was  made. 

With  such  a  history  and  the  ])resence  of  such  a  wound  most  careful 
search  should  be  made  for  a  foreign  body.  Hemorrhages,  corneal  irregulari- 
ties, and  opacities  of  the  lens  or  vitreous  humor  greatly  obstruct  the  exam- 
ination ;  but  when  the  media  are  not  obscured,  and  when  the  object  is  not 
hidden  by  its  position  or  by  exudates,  the  ophthalmoscojie  and  oblique 
illumination  will  often  convert  the  suspicion  of  its  presence  into  a  certainty. 
A  metallic  ol)ject  in  the  vitreous  chamber  gives  a  lustrous  reflection  when 
seen  with  the  ophtludmoscope. 

When,  from  any  cause,  a  foreign  body  cannot  be  seen,  it  may  in  rare 
instances,  if  of  considerable  size  and  neai'  the  surface,  be  felt  by  a  probe ; 
but  this  should  be  used  with  great  caution. 

When  the  body  is  steel  or  iron  the  e/ecfro-nmr/net  will  often  assist  in 
diagnosis.  A  strong  one  applied  to  the  surface  of  the  eyeball  will  sometimes 
attract  the  iron  or  steel,  and  the  movement  of  the  latter  will  cause  more  or 
less  pain.  Or,  if  the  wound  is  so  situated  as  to  warrant  it,  an  extension- 
point  of  the  electro-magnet  of  suitable  size  may  be  carefully  introduced  into 
it,  when  it  will  sometimes  not  only  attract  the  body  to  the  surface,  but  bring 
it  out. 

The  special  adaptation  of  Rontgen's  rays,  or  skiagra]-)hy,  to  the  eye  will 
oftentimes  demonstrate  the  presence  of  a  foreign  body  and  also  its  approxi- 
mate position  (see  Appendix,  pages  607-(ill). 

Should  it  be  impossible  by  means  of  sight,  touch,  the  electro-magnet,  or 
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skiagraphy  to  ascertain  the  presence  of  a  foreign  body  beyond  doubt,  the 
presumptive  diagnosis  of  its  presence  based  upon  the  history  and  conditions 
above  outlined  siiould  prevail.  In  case  of  delay  such  symptoms  of  irritation 
and  inflammation  may  set  in  as  could  scarcely  be  expected  as  a  result  of  the 
wound  alone.  These  will  strongly  corroborate  the  other  evidence  of  the 
presence  of  a  foreign  body.  The  eye  may,  however,  remain  quiet  in  excep- 
tional cases,  but  this  is  not  sufficient  to  outweigh  the  primary  evidences  and 
to  nullify  the  diagnosis  of  a  foreign  body  in  the  eye. 

Prog-'nosis. — When  a  foreign  body  is  lodged  in  the  eye  the  consequences 
of  a  penetrating  wound  follow  which  have  already  been  considered,  together 
with  those  arising  from  the  presence  of  the  foreign  body  itself 

As  regards  tlie  latter,  it  may  be  said  that,  however  small  the  body  may 
be,  whatever  may  be  its  substance,  and  wherever  it  may  be  situated,  it  sooner 
or  later,  with  rare  exceptions,  causes  destructive  inflammation  of  the  injured 
eye,  and  may  also  induce  sympathetic  inflammation  of  the  other.  The  only 
structure  which  will  tolerate  a  foreign  body  without  danger  of  inflammation 
is  the  lens.    Even  here  vision  is  obscured  by  the  lens  becoming  opacjue. 

Cases  have  been  recorded  in  which  the  membranes  of  the  eye  or  the  iris 
have  tolerated  a  foreign  body  for  a  long  period  of  time,  or  in  which  one  has 
become  encysted  and  remained  harmless,  or  in  which  one  has  been  spon- 
taneously expelled ;  but  they  are  so  rare  as  not  to  have  material  weight  in 
prognosis  or  treatment.  In  every  case  it  should  be  assumed  that  the  eye  is 
sure  to  be  lost  unless  the  offending  body  is  removed.  After  its  removal  the 
eye  is  in  the  c;ondition  of  one  with  a  penetrating  wound,  and  may  or  may  not 
be  saved  according  to  the  circumstances  of  the  case. 

Treatment. — In  some  cases,  although  the  foreign  body  may  be  found  and 
removed,  the  injury  is  so  extensive  that  the  eye  is  hopelessly  lost.  Immediate 
enucleation  or  evisceration  is  then  the  safest  procedure.  But  when  the  nature 
of  the  injury  will  permit,  all  reasonable  effort  should  be  made  to  remove  the 
fonsign  body  and  save  the  eye  with  as  much  vision  as  possible. 

When  the  presence  and  location  of  a  foreign  body  have  been  determined, 
the  course  to  pursue  will  depend  on  what  substance  it  is  and  on  its  position. 
If  situated  in  the  anterior  chamber  or  iris,  it  may  be  extracted  with  or  with- 
out excising  a  piece  of  iris  through  an  incision  at  a  suitalile  point  in  the 
cornea.  If  lodged  in  the  lens,  it  may  be  left  there  until  the  latter  has  become 
fully  opaque,  and  then  both  may  be  extracted  together.  Or,  should  the 
wounded  lens  become  absorbed,  the  foreign  body  may  then  be  treated  as  if  it 
were,  from  the  first,  lodged  in  the  anterior  chamber  or  perhaps  in  the  vitreous 
humor. 

When  a  body  is  lodged  in  the  posterior  part  of  the  eye  it  may  sometimes 
be  caught  by  forceps  (without  teeth),  hooks,  or  scoops,  and  drawn  out.  But 
such  a  happy  result  is  not  often  obtained. 

Should  the  foreign  body  be  steel  or  iron,  the  electro-magnet  (Fig.  237)  is 
of  great  service,  and  the  chances  of  extracting  the  fragment  are  increased 
many  fold.  Very  large  and  powerful  electro-magnets,  which  have  lately 
been  introduced  by  Haab,  are  not  often  available,  and  the  smaller  instruments 
give  eminent  satisfaction.  The  electro-magnet  should  be  armed  with  as 
short,  and  also  as  large,  an  extension-point  as  can  be  consistently  introduced, 
since  the  attractive  force  is  diminished  very  rapidly  as  the  point  becomes 
smaller  and  longer.  The  point  should  also  be  flattened  or  squared,  instead 
of  rounded,  to  give  as  m'uch  surface-contact  as  possible.  A  rounded  point 
reduces  this  to  a  minimum. 

The  extension-point  may  be  introduced  through  the  original  wound,  or, 
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which  is  often  preferable,  througii  an  incision  suitably  located  and  made  for 
the  purpose.  It  shoukl  be  carried,  without  twisting  it  or  ciianging  its  course, 
toward  the  supposed  or  known  position  of  the  fragment  and  reintroduced  if 
necessary.  Should  it  attract  the  steel  or  iron  or  in  any  way  couie  in  con- 
tact with  it,  it  will  generally  produce  a  distinct  click  which  can  be  both 
felt  and  lieard.  On  withdrawing  the  point  the  steel  or  iron  is  brought  out 
with  it,  or  })erhaps  it  is  held  back  at  the  wound,  when  the  point  should  be 
partially  reintroduced,  and  the  extraction  then  assisted  by  forceps  made  of 
some  other  material  than  iron  or  steel. 

After  removal  of  the  foreign  body  the  case  becomes  on(^  of  a  penetrating 
wound  of  the  eye,  and  should  be  treated  accordingly. 

Should  it  be  im})Ossible  to  remove  a  foreign  body  whose  presence  is  ex- 
tremely probable  or  dehnitely  determined,  the  vision  being  without  doubt 
permanently  lost,  the  eye  siiould  be  enucleated  or  eviscerated.  A  delay, 
however,  may  be  made  for  a  short  time,  as  in  penetrating  wounds,  when  there 
remains  some  vision  and  the  diagnosis  is  doubtful.  Rapid  improvement  and 
absence  of  sym|)toms  which  point  to  sympathetic  disease  may  justify  still 
further  delay,  but  with  a  continuance  t)f  infiannnatory  symptoms  and  a  pro- 
gressive deterioration  of  sight,  if  this  was  not  destroyed  at  first,  the  delay 


Fig  237.— HubbeU's  elcctrn-magnet,  actual  size:  A,  A,  ends  of  cords  connecting  the  magnet  with  a 
galvanic  batterv;  B,  slide  for  opening  and  closing  electric  circuit ;  C,  end  of  core  tapped  to  receive  the 
extension-points.  The  extension-points,  a  few  of  which  are  shown,  may  be  of  any  desired  length,  shape, 
curve,  or  size. 


should  not  extend  beyond  two  or  three  weeks,  as  after  this  time  sympathetic 
inflanmiation  becomes  imminent  at  any  moment. 

Injuries  of  the  Eyelids  and  I/achrymal  Passages. — Ecrhymosk 
of  the  eyelids  follows  contusions  and  wounds,  and  also  hemorrhages  into  the 
orbit  and  around  the  eyeball.  The  discoloration  of  the  skin  varies  in  depth 
and  extent  w'ith  the  amount  of  blood  extravasated.  There  is,  occasionally, 
swelling  of  the  parts  and  a  feeling  of  stiffness,  but  no  pain.  The  blood  is 
absorbed,  and  the  skin  regains  its  normal  color  in  from  one  to  three  weeks. 

Very  little  treatment  is  necessary.  Absorption  of  the  blood  may  be 
hastened  by  bathing  the  parts  with  water  as  hot  as  can  be  borne  and  by 
gentle  frictions. 

Emphysema  of  the  eyelids  may  take  place  when  the  mucous  membrane  of 
the  nose  becomes  torn  in  connection  with  a  fracture  or  injury  involving  the 
nasal  cavities,  and  a  communication  is  established  between  the  latter  and  the 
cellular  spaces  of  the  lids,  and  air  is  forced  into  them  by  blowing  of  the  nose. 
The  parts  are  immediately  puffed  up  into  a  soft,  crepitating,  and  painless 
swellinf . 

The  patient  should  be  cautioned  against  further  blowing  of  the  nose  till 
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after  tlie  wound  is  healed.  A  eompress-baiidnije  should  be  applied  over  the 
lids,  and  the  air  will  be  absorbed  in  a  few  days. 

Confusions  of  the  are  generally  followed  l)y  ecchyniosis  with  some 
swellinoj  and  soreness.  They  should  be  treated  by  cold  ai)plications,  unless 
sui)i)uration  takes  ])laee,  and  then  warm  fomentations  should  be  used,  and  the 
abscess  opened  early  by  incision. 

Punctured  woujkJs  are  ucncrally  of  little  consequence,  but  the  incised  and 
lacerated  varieties,  especially  the  latter,  recpiire  carefid  attention.  When  a 
wound  runs  parallel  with  the  ediie  of  the  lid  it  will  unite  without  deformity. 
But  when  it  extends  across  the  orl)ieularis  muscle  or  throuoh  the  margin  of 
the  lid,  the  wound  gaps,  and  if  not  closed  by  surgical  measures  leaves  a  de- 
pression of  the  surface  or  a  })ermanent  cleft  thi-ough  the  edge  of  the  lid. 
When  the  lachrymal  canals  are  sevenMl  they  become  permanently  closed. 

The  utmost  care  should  l)e  taken  to  close  all  gaj)ing  wounds  and  to  restore 
to  proper  position  displaced  ])arts.  The  loss  of  skin  may  call  for  a  plastic 
o])eration.  When  a  lachrymal  canal  has  been  severed,  it  should,  if  possible, 
be  searched  for  and  slit  up  and  ke])t  open. 

Foreign  bodies  may  become  lodged  beneath  the  skin,  and  should  be  re- 
moved by  cutting  down  u])on  them  and  ])icking  them  out. 

They  may  also  get  into  the  lachrymal  })unctum  or  canal,  and  cause  irrita- 
tion of  the  ball  by  rubbing  against  it,  or  stillicidium  by  obstructing  the 
passage.  They  are  easily  w^ithdrawn  when  they  are  in  sight,  but  when  not  it 
will  be  necessary  to  slit  open  the  canal  and  then  remove  them. 

Injuries  from  hot  substances  and  escharotics  jH'oduce  the  same  symptoms 
and  require  the  same  general  treatment  as  those  occurring  elsewhere  on  the 
surface  of  the  body  (see  Fig.  238).    Tlie  unsightly  and  distressing  deformity 


Fig.  238.— Ectropion  followiiii;  n  linrn. 


and  loss  of  function  which  follow  cicatrization  should  be  prevented  by  skin- 
grafting,  preferably  by  Thiersch's  method.  To  this  end,  as  soon  'as  the 
eschar  is  thrown  off  and  the  granulating  process  is  well  established  the 
affected  surface  should  be  scraped,  and  the  grafts  applied  as  described  in 
surgical  treatises.    This  part  of  the  treatment  cannot  be  too  forcibly  urged 


GLAUCOMA. 

By  J.  A.  LIPPINCOTT,  A.  B.,  M.  D., 

OF   PITTSBURG,  PA. 


General  Considerations. — The  term  "glaucoma"  is  applied  tt)  a 
group  of  phenomena,  the  most  prominent  of  which,  apart  from  a  greater  or 
less  degree  of  impairment  of  vision,  are  an  increase  in  the  hardness  of  the 
eyeball  and  an  excavation  in  the  head  of  the  optic  nerve.  Brisseau  in  the  last 
century  and  Weller  and  Mackenzie  early  in  the  present  directed  attention  to 
the  first  of  these  two  characteristics,  the  great  English  observer  especially 
dwelling  on  its  importance  and  systematically  employing  a  rational  method 
of  relieving  it — viz.  puncture  of  the  sclera  and  of  the  cornea. 

To  determine  the  pressure  and  degree  of  abnormal  tension  palpation  is 
employed  in  the  manner  described  on  page  170.  A  number  of  tonometers, 
or  meciianical  substitutes  for  the  fingers,  have  been  devised,  but,  owing  to 
defects  which  are  possibly  irremediable,  they  are  not  in  general  use. 

In  recording  the  results  of  palpation  of  the  globe  the  method  usually 
employed  is  that  suggested  by  Bo^vman,  according  to  which  T.  stands  for 
normal  tension  ;  T.  +  ?  tension  probably  increased ;  T.  +  1  and  T.  +  2  still 
hiirher   decrees ;   while  T.  i  3    indicates  • 
stony  hardness.     Care  is  required  not  to 
mistake  the  rigidity  of  a  thickened  eyelid 
or  that  of  an  abnormal  sclera  for  an  actual 
increase  in  intraocular  tension.    In  doubt- 
ful cases  the  finger-ti|)s  may  be  placed  on 
the  naked  eyeball.    In  investigating  ocular 
tension  the  tactus  eruditus  is  an  essential 
<|ualification,  and  no  opportunity  of  acquir- 
ing it  should  be  neglected. 

The  excavation  of  the  optic  nerve  in 
glaucoma  involves  the  whole  or  nearly  the 
whole  surface  of  the  disk,  and  attains  a 
considerable  depth.  Its  sides  are  stee])  or 
even  undercut,  so  that  the  cavity  is  amjjul- 
liform — i.e.  bulging  in  its  deeper  portions. 

Viewed  with  tlie  ophthalmoscope,  the  blood-vessels  are  crowded  toward 
the  nasal  side,  and,  as  they  dip  into  tlie  pit,  make  a  sharp  bend,  and  fre- 
quently disappear  behind  the  overhanging  margins.  When  they  reappear  on 
the  floor  of  tlie  excavation  they  are  less  distinct  and  lighter  in  color,  and 
their  continuity  is  apparently  broken,  owing  to  paral/actic  displacement. 
From  the  same  cause  they  appear  to  move  more  slowly  in  response  to  lateral 
movements  of  the  object  lens  used  in  the  indirect  examination  than  they  do 
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Fig.  239.  — Glaucomatous  excavation. 
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at  the  level  of  the  retina.  On  making  nsc  of  the  direct  method  a  stronger 
concave  or  weaker  convex  lens  is  recjnired  than  tlie  one  nsed  for  the  neigh- 
boring retinal  surface.  This  difference  in  refraction  constitutes  a  means  of 
accurately  measuring  the  dejith  of  the  excavation,  an  interval  of  three 
diopters  corresponding  to  about  1  mm. 

jlrtcrial  pulsation  is  either  s})ontaneous  or  is  easily  induced  by  light  pres- 
sure with  the  finger.  This  ])henomenon  is  a  result  of  the  increased  intra- 
ocular pressure,  which  is  sufficient  to  retard  the  arterial  current,  except  when 
tlie  latter  feels  the  onward  thrust  of  the  cardiac  systole.  The  blood  thus 
enters  jx'/'  saltuin,  instead  of  continuously  as  under  normal  conditions.  Spon- 
taneous venous  pulsafio)i  is  common. 

The  disk  shows  a  bluish  or  greenish  pallor,  and  is  surrounded  by  a  more 
or  less  comj)lete  ring,  which  sometimes  appears  yellow,  probably  by  contrast 
with  the  color  of  tlie  disk.  This  ring  is  due  to  atrophy  of  the  choroid  and 
is  known  as  the  glaucomatous  halo  (Fig.  239).  A  low-grade  neuritis  is  com- 
monly to  be  detected  in  the  nerve-head  containing  the  pathologic  excavation. 

In  common  with  most  of  the  symptoms  in  glaucoma,  the  cujjping  of  the 
optic  disk  is  a  consequence  of  the  increased  intraocular  tension,  the  latter 


Fig.  240.— Glaucomatous  excavation,  microscopic  section. 


taking  most  effect  at  the  least  resisting  portion  of  the  ocular  envelope — viz. 
the  lamina  cribrosa.  It  is  probable  that  the  process  is  favored  in  many 
cases  by  inflannnation  with  softening  and,  later,  cicatricial  contraction  of  the 
tissues  in  this  region  ;  and  this  factor  would  appear  to  be  sometimes  suf- 
ficient in  itself  to  i)roducc  an  excavation  indistinguishable  ophthalmoscopi- 
cally  from  one  known  to  result  from  abnormally  high  pressure  (Fig.  240). 

Varieties  of  Glaucoma.— Glaucomatous  manifestations  range  them- 
selves in  three  principal  groups  : 

(I.)  Primary  glaucoma,  the  pathology  of  which  is  not  positively  deter- 
mined. 

(II.)  Secondary  glaucoma,  which  obviously  depends  upon  some  pre- 
existing morbid  condition. 

(III.)^  Congenital  glaucoma,  usually  described  as  buplithalmos. 

I.  Primary  Glaucoma. — This  variety,  which  may  or  may  not  exhibit 
signs  of  inflammation  or  congestion  and  is  subdivided  accordingly,  will  be 
first  described. 

Etiology. — The  i>rc(Jii<j,osing  causes  of  glaucoma  have  reference  to  age 
sex,  race,  systemic  condition,  and  the  conformation  and  refraction  of  the  eve! 
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It  is  rare  in  the  young/  and  most  frequent  in  the  fifth  and  sixth  decades 
of  life.  More  women  than  men  suffer  from  infidmmatory  glaucoma,  whereas 
more  men  than  women  are  affected  with  the  non-inflammatory  form  of  the 
disease.  In  the  analysis  made  by  William  Zentmayer  and  William  Cam])bell 
Posey  of  167  cases  of  f/laiwoma  simpler,  men  were  found  slightly  more  liable 
than  women.  The  extremes  of  age  noted  were  thirteen  and  ninety-six  years. 
These  facts  are  represented  grapliically  by  these  authors  in  tiie  following 
diagram.    A  disproportionate  number  of  cases  are  seen  in  the  Jewish  race 


AGE       25  35  45  55  65  75  85  95  105 


WHOLE  NUMBER    MALES  —  FEMALES 


Fig.  241.— Chart  showing  the  relationship  of  glaucoma  simplex  to  age  and  sex  (Zentmayer  and  Posey). 

(Knapp),  and  Egyptians  are  said  to  be  peculiarly  liable.  There  aj^pears  to 
be  a  tendency  to  hereditary  transmission.  When  this  is  the  case  the  period 
of  life  at  which  the  outbreak  occurs  is  earlier  in  each  succeeding  generation 
(De  Wecker).  The  gouty  and  rheumatic  diatheses  favor  the  development 
of  the  malady,  and  those  who  suffer  from  arterial  sclerosis,  chronic  bronclii- 
tis,  or  heart  disease  are  liable  to  the  disease.  A  causal  relationsl  p  between 
influenza  and  nou-inflammatory  glaucoma  has  been  recorded.  The  author 
has  observed  catarrhal  disease  of  the  nasal  ]>assages  in  a  large  ])roportion  of 
cases  of  iuflammatory  ghuicoma.  Small,  li}'])eropic  eyes  are  more  likely 
to  be  affected  than  emmetropic  or  myopic  eyes.  This  is  ex])]ained  by  the 
limited  circumlental  space  due  to  the  hypertrophy  of  the  ciliary  muscle  in 
hyperopia,  and  also  to  the  excessive  and  practically  continuous  contrac- 
tion of  this  muscle  in  accommodation.^  The  ])rogressive  increase  in  the 
diameter  of  the  lens  throughout  life  noted  by  Priestley  Smith  is  claimed  by 
this  author  as  an  important  etiological  factor.    There  is  a  relation  between 

^  Accordin^j  to  Priestley  Smith,  not  1  per  cent,  of  the  cases  begin  earlier  than  the  twentieth 
year.    .\  few,  generally  monolateral,  cases  are  seen  in  children. 

^  Zentmayer  and  Posey's  figures  in  regard  to  the  refractive  condition  of  the  eye  in  their 
167  cases  are  as  follows : 

Hyperopia    =140  eyes ; 
Myopia         =  28  eyes ; 
Emnietropia  =  21  eyes. 
Twenty  eyes  were  astigmatic. 
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smalliiess  of  the  cornea  and  irlaucoma  (normal  average  liorizontal  diameter, 
11.6;  glaucoma,  11.1). 

Among  the  exciting  musen  may  be  mentioned  various  emotions — joy, 
grief,  anxiety,  etc. — producing  ciliary  congestion,  and  the  incautious  use  of 
mydriatics,  wliich,  by  thickening  the  perii)heral  ])ortion  of  the  iris,  directly 
diminish  the  filtrating  area  in  the  anterior  chamber.  An  onset  of  the  disease 
has  been  preci{)itated  by  exposure  to  cold,  by  loss  of  sleep,  worry,  neuralgia, 
and  by  the  ingestion  of  a  hearty  meal.  Nettleship  relates  a  case  which  was 
always  worse  in  warm  weather,  and  a  lady  under  the  author's  care  can  always 
bring  on  an  attack  by  abruptly  entering  a  dark  or  dimly-lighted  room. 
Over-use  of  ametropic  or  imj)roi)erly  corrected  eyes  may  excite  glaucoma  in 
an  eye  predisposed  to  tiie  disease. 

Pathology  and  Patholog-ical  Anatomy. — The  ])athogenesis  of  glaucoma 
is  not  detinitely  settled.  Because  of  the  overshadowing  importance  of  the 
increase  in  intraocular  tension  the  aim  has  mainly  been  to  account  for  this 
phenomenon  ;  but  half  a  century  of  active  investigation,  clinical,  experi- 
mental, and  anatomical,  has  not  resulted  in  a  completely  satisfactory  solution 
of  the  problem. 

The  hypothesis  that  glaucoma  arises  from  hypersecretion,  produced,  ac- 
cording to  v.  Graefe,  by  choroidal  inflammation,  and,  according  to  Donders, 
by  nervous  irritation,  has  been  discarded,  and  various  "retention  theories," 
which  explain  the  increased  hardn.ess  of  the  eyeball  by  an  obstruction  to  the 
escape  of  the  intraocular  fluids,  have  taken  its  place.  The  obstruction,  in 
accordance  with  the  views  enunciated  by  Knies,  and  soon  afterward  by 
Weber,  is  generally  considered  to  be  situated  at  the  angle  of  the  anterior 
chamber,  and  to  consist  in  a  blocking  up  of  this  angle  by  ai)])osition  or 
adhesion  of  the  peripheral  portion  of  the  iris  to  the  adjacent  sclero-cornea, 
the  iris  having  been  crowded  forward  by  the  hy})eremic  and  swollen  ciliary 
processes.  Knies  believed  the  condition  to  be  one  of  adhesive  inflammation 
of  the  iris  periphery,  while  Weber  regarded  this  adhesion  as  secondary  to 
pressure.  In  his  most  recent  communication  on  the  subject  Knies  makes  a 
sharp  distinction  between  glaucoma  Himplex,  which  he  conceives  to  be  an  optic 
nerve-atrop/i  1/  irith  excavation,  and  true  forms  of  glaucoma,  which  should  be 
considered  as  an  irido-ci/cfitis  anterior — an  inflammation  which  may  occur  in 
varying  degrees  of  intensity.  It  has  been  demonstrated  by  Leber  and  others 
that  the  ciliary  region  constitutes  the  princijial  outlet  for  the  lymph-current, 
which,  starting  at  the  ciliary  processes,  proceeds  forward  through  the  zonula 
and  j)upil  into  the  anterior  chamber,  and  thence  through  the  pectinate  lig- 
ament into  the  canal  of  Schlemm,  from  which  it  finds  its  way  into  the  venous 
system.  In  the  cases  in  which  the  iris  occupies  its  normal  position  it  is 
])ossible  that  filtration  may  be  hindered  by  serosity  of  the  licjuids  (Priestley 
Smith)  or  by  a  choking  of  the  meshes  of  the  pectinate  ligament  with  pig- 
ment-cells from  the  ciliary  processes  and  the  posterior  surface  of  the  iris 
(Niesnamoff ). 

Priestley  Smith,  as  already  intimated,  thinks  that  an  important  element 
is  a  narrowing  of  the  circundental  space,  due  to  a  senile  increase  in  the  size 
of  the  lens  or  to  a  small  ciliary  circle  as  seen  in  hvperopic  eves — hence  a 
forward  displacement  of  the  lens  and  blocking  u])  of  the  excreting  angle. 

Stilling's  view,  that  glaucoma  may  be  ])roduced  by  tissue-changes  which 
tend  to  hinder  the  exit  of  fluids  by  way  of  the  optic-nerve  entrance,  may 
have  a  limited  field  of  ap])lication,  as  may  also  that  of  Rheindorf,  who  claims 
that  the  obstacle  to  tlie  nutritive  current  consists  in  a  sclerosis  of  the  len- 
ticulo-zonular  diaphragm.    Laqueur  and  others  think  that  glaucoma  depends 
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upon  obstruction  of  the  intraocular  lymphatics,  which  find  their  way  out 
with  the  vena  vorticosa. 

The  anatomk'id  coii(litioits  wliich  have  been  observed  in  glaucomatous  eyes 
are,  among  others,  the  following:  (1)  Edema,  and  at  a  later  stage  ulcerative 
processes  m  the  cornea.  (2)  Scleral  changes,  including  rigidity,  fattv  degen- 
eration, and  equatorial  staphylomata.  (3)  Obliteration  (with  or  witlumt  adhe- 
sive inflammation)  of  the  angle  of  filtration,  of  the  spaces  of  Fontana,  and  of 
the  canal  of  Schlcmm  (Fig.  242,  A).  (4)  Atrophy  of  the  iris,  chiefly  of  the 
external  layers,  with  destrnction  of  the  vessels.  (5)  Sometimes  swelling  and 
sonietimcs  atrophy  of  the  ciliary  processes.  In  the  latter  case  these  bodies 
shrink  backward,  and  frequently  leave  the  iris  in  contact  with  the  cornea  (Fig. 
242,  B).  (6)  Glaucomatous  cataract—/,  c.  cataract  which  is  a  direct  result  of 
the  disease.  (7)  Fluidity  of,  and  opacities  in,  the  vitreous.  (8)  Marks  of 
choroidal  inflammation,  such  as  atrophy  and  loss  of  elasticity  of  the  choroid, 
and  periphlebitis  with  reduced  lumen  of  the  veins,  especially  the  vasa  vorti- 
cosa. (9)  Destruction,  })artial  or  complete,  of  one  or  more  of  the  retinal 
layers  and  detachment  of  the  retina.    (10)  Lastly,  the  excavation  of  the 


Fin.  242.— .1,  absolute  glaucoma  ;  c,  cornea;  s.  c,  Schlemm's  caual,  partially  closed  ;  i,  iris  adherent  to 
sclera  and  closing  angle  of  tiltration  ;  i',  free  j)ortion  of  iris ;  r.  p,  ciliary  process,  reacliiiig  forward  and  in 
contact  with  iris.  J{,  ab.solute  glaucoma  at  a  more  advanced  stage  ;  /.  iris  extensively  adherent.  Schlemm's 
canal  is  entirely  obliterated.   The  ciliary  body  and  processes  are  decidedly  atrophied. 

optic  nerve,  which  may  or  may  not  show  traces  of  a  low-grade  neuritis.^ 
The  precise  relation  of  the  changes  just  enumerated  to  the  glaucomatous 
process  cannot  in  the  present  state  of  our  knowledge  be  dogmatically  stated. 
Some  of  them  are  ])robably  etiological  factors,  while  others  are  doubtless 
results  of  the  continued  pressure. 

Primary  glaucoma  may  be  mjiammatory ,  or  xiiiip/c  i.  c.  non-'mflammatory . 

Injiammato7'y  or  congexfirc  f/kmcoma  (glaucoma  irritatif )  is  classified  as  (a) 
acute,  (b)  siihacufe,  or  (e)  chronic,  according  to  the  severity  of  the  symptoms. 

(1)  Acute  Glaucoma  (Acute  Injiammatory  or  Congestive  Glaucoma). — 
(a)  Period  of  Incubation,  or  Prodromal  Staf/e. — The  prodromal  or  intermit- 
tent stage  is  characterized  by  mild  attacks,  in  which  the  cornea  is  slightly 
steamy  and  anesthetic,  the  })upil  moderately  dilated  and  sluggish,  and  the 

'  Marked  hyperemia  and  edema  of  the  nerve-head,  which  afterward  becomes  cupped,  is  an 
early  sym]>tom  in  ,e:laucoma  (Knies),  and  actual  neuritis  in  primary  glaucoma,  usually  precedes 
increased  tension  (Brailey  and  EdmundsJ. 
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anterior  chamber  somewhat  dimiiiislied  in  depth.  There  is  noticeable,  but 
not  })ronounced,  pericorneal  injection,  and  palpation  shows  some  increase  in 
tension.  The  vision  is  smoky  from  the  corneal  haziness,  and  rainbows  are 
seen  around  lights  from  the  same  cause.  The  ophthalmoscope  may  reveal 
pulsation  of  the  retinal  arteries,  but  as  yet  there  is  no  cupping  of  the  disk. 
When  the  attack  is  ended  the  eye  returns  to  its  normal  condition,  except  that 
the  accommodative  i)ower  is  apt  to  be  lessened,  the  patient  requiring  stronger 
readinj^-j^lasses  than  before. 

I'll 

The  stage  of  prodromata  may  last  months  or  years,  the  intervals  between 
the  attacks  growing  gradually  shorter,  and  may  terminate  in  an  acute  attack. 

(b)  Period  of  Attack. — The  glaucomatous  attack,  whether  preceded  or  not 
by  an  intermittent  stage,  is  suddenly  ushered  in  by  violent  and  excruciating 
pain  in  the  eye  and  the  corresponding  side  of  the  head,  with  vomiting,  fever, 
and  even  loss  of  consciousness.  The  lids  become  edematous  and  the  ocular 
conjunctiva  reddened  and  swollen.  The  cornea  is  decidedly  hazy,  owing  to 
■edema  of  its  superficial  layers.  The  haziness  is  generally  most  pronounced 
in  the  center,  and  is  sometimes  accentuated  in  spots,  giving  a  dotted  ai)i)ear- 
ance  to  the  surface.  Corneal  sensibility  is  more  or  less  completely  abolished, 
as  shown  by  touching  it  with  a  bit  of  twisted  cotton.  The  pupil  is  dilated 
and  immobile  and  shows  a  (greenish  or  grravish-i^reen  reflex  '  from  the  lens. 
The  dilatation  is  not  uniform,  so  that  the  pupil  is  rarely  perfectly  circular. 
The  iris  is  discolored  and  its  markings  are  blurred.  There  may  be,  accord- 
ing to  most  authors,  some  turbidity  of  the  aqueous  and  vitreous  humors, 
although  this  turbidity  is  considered  by  others  as  far  from  proven.  The 
sight,  owing  partly  to  the  corneal  edema  and  partly  to  the  compression  of  the 
retinal  arteries,  rapidly  fails  until  fingers  can  scarcely  be  counted.  In  the 
rare  cases  in  which  a  view  of  the  fundus  is  obtainable  hyperemia  of  the  disk 
with  pulsation  of  the  arteries  is  observed,  but  no  change  in  the  disk  level  is 
to  be  expected.  Lastly,  careful  paljmtion  will  disclose,  even  through  the 
edematous  lids,  a  decided  hardness  of  the  eyeball — a  condition  which  accounts 
for  most  if  not  all  of  the  other  phenomena. 

The  intensity  of  the  symptoms  described  above  begins  to  subside  after  a 
few  days  or  weeks.  The  pain,  corneal  haze,  palpebral  and  ocular  edema,  etc. 
diminish  greatly  or  disappear;  but  the  pupil  remains  dilated  and  sluggish, 
the  pericorneal  region  somewhat  injected,  the  anterior  chamber  abnormallv 
shallow,  and  the  vision  is  usually  considerably  reduced.  Tension  continues 
elevated.  This  condition  is  known  as  the  g/aucomatous  state  (habitus  glaucom- 
atosus). 

After  a  longer  or  shorter  period  of  comparative  quiet  another  outbreak 
may  occur,  and  then  another,  until  the  sight  is  wholly  destroyed — a  condition 
described  as  absolute  glauGoma.  The  eye  assumes  a  dull,  expressionless  look. 
The  cornea  is  surrounded  by  a  zone  of  livid  or  slaty  hue.  The  pupil  displays 
a  border  of  black  pigment  {ectropium  uvea^).  The  lens  and  the  narrow 
atrophic  rim  of  the  iris  are  crowded  against  the  cornea.  The  tension  of  the 
globe  is  usually  excessive.  The  ophthalmoscope  now  generally  reveals  the 
characteristic  glaucomatous  excavation.  With  the  advent  of  blindness  the 
patient  in  some  cases  obtains  surcease  of  suffering;  in  others  the  attacks  con- 
tinue until  relief  is  afforded  by  surgical  means. 

_  Glaucomatous    Derjencrcdion.—Mtev   the   glaucoma   becomes  absolute 
striking  tissue-changes  sooner  or  later  begin  to  manifest  themselves.  The 
atrophied  sclera  succumbs  to  the  intraocular  pressure,  and  bluish-black  swell- 
ings appear  between  the  cornea  and  the  equator.    The  lens  may  become 
^  Hence  the  name  glaucoma— from  ylavKOQ,  sea-green  or  grayish-green. 
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opaque  {glaucomatous  cataract).  The  eyel)all  may  go  on  to  atrophy,  with 
<letachnient  of  the  retina,  and  may  show  dee})  furrows  in  the  line  of  the  recti 
muscles,  or  the  morbid  process  may  end  with  sloughing  of  the  cornea  and 
panophthalmitis. 

In  some  cases  of  acute  glaucoma  vision  is  suddenly  and  irretrievably  lost 
at  the  first  attack,  constituting  what  is  known  as  g/aiwoma  fidminaiis. 

(2)  Subacute  Glaucoma.— This  variety  presents  the  j)hcnomena  of  the 
acute  form  of  the  disease  in  a  much  less  intense  degree,  and  might  not  im- 
properly include  the  prodromal  stage  of  that  form.  But,  whether  intermittent 
or  continuous  at  the  outset,  it  passes  by  insensible  gradations  into  the  third 
and  most  common  variety — viz.  : 

(3)  Chronic  Inflammatory  or  Congestive  Glaucoma.— The  ap- 
pearance of  tile  eye  in  tliis  affection  is  very  characteristic.  The  dull-livid  or 
dusky-red  color  of  the  sclera  with  its  swollen  and  tortuous  veins,  the  smoky 
look  of  the  cornea,  the  irregular  dilatation  and  eccentric  position  of  the  pupil, 
the  obvious  atrophy  of  the  visible  portion  of  the  iris,  the  marked  shallowness 
of  the  anterior  chamber,  and  the  greenish  reflex  from  the  lens,  combine  to 
form  a  picture  which,  once  seen,  can  always  be  recognized.  The  pain,  though 
sometimes  severe,  is  not  so  intense  nor  is  the  corneal  insensibility  so  complete 
as  in  acute  glaucoma. 

Central  vision  slowly  fades,  and  the  visual  field  gradually  contracts, 
especially  on  the  nasal  side.  In  the  later  stages  cupping  of  the  disk  is 
revealed  by  the  ophthalmoscope.  The  disease,  if  unchecked,  proceeds,  as 
does  acute  glaucoma,  to  the  establishment  of  absolute  glaucoma,  and  later  to 
one  or  more  of  the  phases  of  glaucomatous  degeneration. 

II.  Simple  Glaucoma  (Glaucoma  Simjjlex,  Chronic  Simple  or  Kon- 
iujiammatory  Glaucoma). — This  is  one  of  the  most  insidious  of  maladies.  If 
untreated  it  usually  terminates  in  blindness;  nevertheless,  at  least  in  its  early 
stages,  it  presents  no  external  signs  of  the  grave  changes  going  on  within  the 
eye.  After  the  la])se  of  months  or  years  there  may  be  slight  dilatation  and 
inactivity  of  the  pupil  and  moderate  distention  of  the  anterior  ciliary  veins. 

Increased  tension,  \vhile  seldom  pronounced,  can  in  most  cases  be  detected 
on  careful  and  repeated  examination  ;  but  it  may  be  entirely  absent.  In 
doubtful  cases  the  eye  should  be  tested  at  different  times  of  the  day  and  under 
various  circumstances,  especially  after  a  full  meal  or  in  the  condition  of  de- 
pression following  a  restless  night.  It  should  be  remembered  also  that  there 
is  no  fixed  and  universally  applicable  standard  of  physiological  tension.  A 
€areful  comparison  of  the  two  eyes,  especially  if  one  is  still  unaffected,  will 
tend  to  eliminate  doubt. 

The  objective  phenomena  just  descrilied  may  occur  in  attacks  resembling 
those  of  the  prodromal  stage  of  inflammatory  glaucoma.  At  such  times  the 
<?ornea  mav  be  iiazy  and  its  sensibility  may  be  impaired  and  rainbow  vision 
may  be  observed.  These  attacks  in  certain  cases  apj)ear  to  mark  a  transition 
from  the  simple  to  the  congestive  form  of  the  disease. 

The  cardinal  symptom  of  simple  glaucoma  is  a  slow  but  steadily  pro- 
gressive failure  of  vision,  especially  ])eripheral  vision.  In  some  cases  a  good 
degree  of  central  visual  acuity  is  ]ireserved  for  a  long  time,  while  tiie  field  of 
vision  is  so  encroached  upon  thnt  the  patient,  altiiough  able  to  distinguish  fine 
print,  may  not  see  well  enough  to  walk  about.  In  such  cases  blindness  comes 
on  suddenly,  as  by  the  abrupt  drawing  of  a  curtain. 

The  field  of  vision  is  almost  always  restricted.  The  nasal  side  generally 
suffers  most,  but  the  limitation  is  very  often  concentric  (according  to  Zent- 
mayer  and  Posey  this  is  the  most  frequent  phenomenon),  or  the  field  may 
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assume  any  one  of  a  ^reat  number  of  bizarre  forms.  Frequently  sector-like 
defects  are  seen.  Scofoinatd  partial  or  total  are  often  found.  According  to 
Bjerrum,  areas  of  special  visual  acuity,  taking  the  form  of  rings  or  segments 
of  rings  with  a  width  of  10°  to  20°,  and  touching  the  blind  spot  at  then- 
inner  margin,  are  sometimes  observed. 

In  the  following  visual  fields  the  boundaries  for  white  are  represented  by 
a  continuous  line,  those  for  blue  by  an  interruj)ted  line,  those  for  red  by  a 
line  of  dashes  and  dots,  and  those  for  green  by  a  dotted  line  : 


As  a  rule,  the  color-fields  show  no  disproportionate  loss.  The  field  for 
blue  may  even  be  coextensive  with  that  for  form.  It  is  also  true,  however, 
that  the  color-fields  may  be  contracted,  wdiile  the  form-field  is  intact — a 
fact  which  tends  to  diminish  the  value  of  the  evidence  derived  from  exam- 
inations of  the  visual  field  in  diagnosticating  betw^een  glaucoma  and  optic- 
nerve  atrophy. 
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As  in  t  he  early  stages  of  inflainniatoiy  glaucoma,  premature  presbyopia  is 
€0111  moil ly  seen. 

Excavation  of  the  optic  nerve  is  the  most  striking-  objective,  as  visual 
impairment  is  the  leading  subjective,  feature  of  the  disease.  The  cupi)ing  is 
rarely  absent  when  the  patient  presents  himself  for  examination,  which  is 
usually  after  the  malady  has  made  decided  progress.    Furthermore,  the  de- 


Fig.  247.— Subacute  inflammatory  glaucoma,  L. 
E.  Four  weeks  after  iridectomy,  V  =  ^ —.  Ab- 
solute scotoma  in  region  of  "  blind  spot." 


Fig.  248.— Chronic  inflammatory  glaucoma, 

15 

L.  E.  Duration  one  year,  V  =  — .  Patient  has 
arthritis  deformans. 


scotoma  at  an  earlier  stage  of  the  disease. 


pression  is  now  generally  found  to  be  characteristic,  as  described  at  the  begin- 
ning of  this  chapter,  although  it  is  sometimes  shallow  (Fig.  239). 

Diagnosis. — Ra])idly  increasing  presbyo])ia,  occasional  mistiness  of  sight, 
and  "rainbow  vision,"  so  frequently  the  harbingers  of  glaucomatous  trouble, 
should  arouse  suspicion. 

Inflammatory  glaucoma  has  been  mistaken  for  iritm.  The  dilated  pupil 
and  tile  hardness  of  the  eyeball  in  the  former  affection  ought  generally  to 
make  such  a  mistake  impossible.    The  pupil  may,  however,  be  bound  down 
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by  adhesions  due  to  a  previous  inflammation  of  the  iris,  and  the  author  has 
seen  one  case  of  intermittent  glaucoma  in  whicli  tlie  i)upil,  tliough  free,  was 
of  normal  size.  We  must  in  s^uch  cases  he  guided  by  the  history  and  by  tlie 
other  symptoms,  especially  the  abnormal  hardness  of  the  globe.  That  increase 
of  tension,  rainbow  vision,  and  shallowness  of  the  anterior  chamber  are,  as 
pointed  out  by  Schweigger,  sometimes  observed  in  iritis,  should  be  borne  in 
mind,  but  other  symptoms  of  iritis  will  then  not  be  lacking. 

Simple  f/laucoma  when  typical  is  easily  recognized.  When  the  tension  is 
not  perceptibly  elevated,  and  other  external  symptoms,  such  as  sluggishness 
of  the  pupil  and  fuhu^ss  of  the  ciliary  veins,  are  absent,  reliance  must  be 
])la('ed  on  the  character  of  the  excavation  of  the  oj)tic  nerve,  which  in  glau- 
coma, as  already  ])ointed  out,  covers  the  whole  surface  of  the  disk,  has  steep 
sides,  and  is  deeper  than  tlie  normal  level  of  the  lamina  cribrosa.  Physio- 
logical excavation  involves  oidy  a  portion  of  the  disk,  while  the  remainder  of 
the  surface  presents  a  healthy  appearance.  The  excavation  due  to  atro])hy 
of  the  nerve  affects  the  entire  disk  surface,  but  it  is  shallow  and  slopes  grad- 
ually to  its  deepest  point.  Moreover,  the  nerve-head  is  nnich  more  anemic, 
proportionately  to  the  depth  of  the  cup,  than  in  glaucoma  (consult  Fig.  131). 
The  greatest  difficulty  arises  when  an  atrophic  process  attacks  a  nerve  which  is 
the  seat  of  an  extensive  physiological  pit.  Flatness  of  the  disk  in  the  sound 
eye  is  evidence  of  glaucoma,  since  ])hysiological  cupjiing  is  bilateral  (Scliweig- 
ger).'  The  absence  of  the  knee-reflex  as  indicative  of  central  disease  would 
point  to  atrophy. 

The  shape  of  the  visual  fields,  especially  the  color-fields,  and  their  rela- 
tion to  the  acuity  of  vision  are  of  decided,  though  not  unqualified,  diag- 
nostic importance.  In  atrophy  of  the  optic  nerve  good  central  vision  and 
color  appreciation  are  not  so  apt  to  be  retained  with  a  contracted  field  for 
form  as  in  glaucoma.  (Compare  with  page  448.)  In  doubtful  cases  the 
totality  of  the  phenomena  must  be  considered,  and  sometimes  a  positive 
diagnosis  should  be  reserved  and  the  course  of  the  affection  carefully 
Avatched. 

The  unfortunate  mistake  of  regarding  the  gray  or  green  reflex  from  the 
lens  as  indicating  incipient  cataract,  and  the  consequent  advice  to  wait  for 
ripening  which  never  comes,  are  haj^pily  much  rarer  now  than  thev  were 
before  improved  methods  in  medical  teaching,  including  instruction  in  the 
use  of  the  ophthalmoscope,  were  inaugurated. 

Treatment. — Had  v.  Graefe  done  nothing  else  for  ophthalmology,  his 
discovery  in  1856  of  the  curative  power  of  iridectomy  in  glaucoma  would 
alone  have  secured  for  him  an  imperishable  fame.  Other  remedial  nieasures 
operative  and  medicinal  have  been  since  devised,  but  they  are  almost  uni- 
versally considered  to  be  of  secondary  importance. 

In  performing  iridectomy  ^  for  glaucoma  the  coloboma  should  be  made 
upward,  so  as  to  be  covered  by  the  upper  lid,  unless  the  superior  portion  of 
the  iris  appears  to  be  specially  atro])hic,  and  therefore  more  difficult  to 
remove.  The  incision  should  lie  in  scleral  tissue,  should  be  of  ampl(>  size, 
and  should  be  completed  with  deliberation  in  order  to  prevent  too  sudden  a 
reduction  in  tension,  which  might  be  attended  with  intraocular  hemorrhage, 
rupture  of  the  zonula,  or  other  disastrous  consequences.  The  bit  of  iris 
excised  should  be  extensive,  and  should  embrace  the  whole  width  of  this 
tissue  up  to  its  ciliary  margin.  The  angles  of  the  wound  should  be  left 
entirely  free,  an  iris-repositor  being  used  if  necessary. 

^  This  statement  of  Schweigger's  is  not  without  exceptions,  as  a  unilateral  physiological 
cup  may  exist.— Ed.  ^  ^he  operation  for  iridectomy  is  described  on  page  575. 
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The  operation,  which  should  of  course  be  made  with  ])recautions  apiiust 
sepsis,  requires  in  inflammatory  cases  the  use  of  a  general  anesthetic,  as 
cocain  under  these  circumstances  is  very  imperfectly  absorbed.  Hemorrhage 
into  the  anterior  chamber  is  not  infrequent,  but  the  blood  usually  undergoes 
absorption  in  a  few  days.  Retinal  hemorrhages  are  also  occasionally  seen. 
These  are  generally  not  extensive,  and  they  soon  disa])pear. 

Ctfstoid  cicatrix  from  inqierfect  apposition  of  the  lips  of  tlie  operation- 
wound  is  sometimes  unavoidable.  Moreover,  though  a  l)lemish,  it  may 
serve  to  facilitate  filtration. 

The  most  brilliant  results  of  iridectomy  are  obtained  in  acute  inflam- 
matory glaucoma,  especially  when  the  operation  is  done  without  delay.  The 
pain,  high  tension,  and  corneal  cloudiness  ])rom})tly  disa})])ear,  and  the  vision 
is  rapidly  and  decidedly  inq)roved — sometimes,  indeed,  entirely  restored. 

In  the  chronic  forms  of  the  disease  the  operation,  owing  to  the  degenera- 
tion and  excavation  of  the  optic  nerve,  does  not  accomplish  so  much.  In 
chronic  inflammatory  glaucoma,  however,  the  morbid  process  is  usually 
checked  unless  the  iris-tissue  has  become  degenerated  (Gruening). 

In  sinq)le  glaucoma  the  experience  of  v.  Graefe,  Bull,  Nettleship,  Fuchs^ 
and  others  shows  that  by  means  of  iridectomy  the  existing  vision  is  ])re- 
served  or  slightly  improved  in  about  half  the  cases.  In  some  of  the  remain- 
ing half  the  influence  of  the  operation  is  negative ;  in  others  it  seems  to 
expedite  the  morbid  process ;  while  in  a  small  proportion — estimated  by 
some  authors  at  about  2  per  cent. — the  iridectomy  is  followed  by  pericorneal 
injection,  steaminess  of  the  cornea,  and  great  increase  in  tension.  The 
anterior  chamber  remains  empty  and  vision  is  almost  always  destroyed. 
This  condition,  which  is  very  rarely  observed  in  the  congestive  types  of  the 
disease,  has  received  the  name  of  malignant  glaucoma.  The  predisposition 
to  it  seems  to  affect  both  eyes.  Hence  the  propriety  of  Schweigger's  rule  to 
operate  on  the  worse  eye  first,  even  if  it  be  blind.  If  this  heals  smoothly, 
the  other  may  be  expected  to  follow  a  similar  course,  but,  as  Friedenwald 
has  shown,  it  may  occur  even  where  the  operation  on  the  first  eye  has  healed 
without  complication. 

Absence  of  increased  tension  and  a  greatly  restricted  visual  field  diminish, 
although  they  by  no  means  annihilate,  the  chances  of  benefit  from  iridectomy 
in  simple  glaucoma. 

The  modufi  mcdendi  of  iridectomy  is  not  understood.  The  explanations 
so  far  attempted  are  merely  of  speculative  interest. 

Of  the  numerous  operative  procedures  devised  to  substitute  iridectomy 
in  the  treatment  of  primary  glaucoma,  the  majority,  including  those  of 
Hancock,  Knies,  Nicati,  Pfliiger,  Vincentiis,  Badal,  and  Parinaud,  and  the 
combined  sclerotomy  of  De  Wecker,  serve  chiefly  to  illustrate  the  ingenuity 
of  their  inventors.  Iridectomy  has  only  one  serious  rival — viz.  sclcroiomyy 
and  this  is  by  almost  universal  consent  relegated  to  a  subordinate  place. 
Sclerotomy,  the  technique  of  which  is  described  on  page  569,  ought  to  be 
performed  when  the  symptoms  persist  after  a  well-executed  iridectomy,  and 
preferably  opposite  the  latter.  It  may  also  be  resorted  to  when  the  iris  has 
undergone  degenerative  changes  which  would  be  likely  to  preclude  a  satis- 
factory excision  of  this  tissue.  If  done  in  a  case  of  simple  glaucoma  with 
a  contractile  pupil,  eserin  should  be  previously  instilled  in  order  to  prevent 
prolapsus  iridis.  Priestley  Smith  and  Harold  Gifibrd  strongly  reconmiend 
scleral  puncture  5  mm.  behind  the  cornea  as  a  preliminary  step  to  iridectomy 
in  cases  where  the  anterior  chamber  is  very  shallow. 

In  cases  of  absolute  glaucoma  which  are  attended  with  great  pain  unre- 
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lieved  by  iridectomy,  or  in  wliicli  this  operation  is  impossible  of  j^erformance, 
enucleation,  or,  according  to  some,  optico-ciliary  neurotomy,  becomes  neces- 
sary. .  •  -i 
"The  uon-siirf/ica/  treatment  of  glaucoma  consists  j)riucipally  in^  the  instil- 
lation into  the  conjunctival  sac  of  solutions  of  eserin  or  pilocarpin  of  mod- 
erate strength,  gr.  ^  to  ^  to  f  sj,  although  much  stronger  solutions  are  frequently 
required.  Myotics  are  most  serviceable  in  the  prodromal  stage  of  inflam- 
matory glaucoma,  but  they  will  often  hold  an  acute  attack  in  check,  antl  thus 
])ermit  of  delay  if  circumstances  j^rcvcnt  an  immediate  operation.  They  are 
useful  in  many  cases  of  simi)lc  glaucoma,  especially  with  increased  tension, 
in  which  an  operation  is  eontraindicated  or  is  rejected  by  the  patient.  It  is 
known  that  iridectomy  in  a  case  of  unilateral  glaucoma  is  sometimes  suddenly 
followed  by  the- appearance  of  the  disease  in  the  normal  eye.  The  use  of 
eserin  in  the  latter  at  the  time  of  tlic  operation  is  believed  to  be  an  efficient 
means  of  averting  the  danger.  As  regards  the  use  of  myotics,  the  general 
consensus  of  opinion  is  that  they  are  rarely  more  tiiaii  palliative  in  their 
action.  They  should  not  be  employed  too  long,  because,  apart  from  the 
external  irritation  often  produced  by  tliem,  they  tend  to  increase  ciliary  con- 
gestion, and  they  do  not  always  retard  the  progress  of  the  excavation  in  the 
optic  nerve. 

The  etticacv  of  iim^xdf/e  of  fJir  ei/eball,  recommended  by  Gould  and  other 
observers,  has  not  yet  been  sufficiently  tested.  It  might  be  useful  in  deepen- 
ing a  shallow  anterior  chamber  previously  to  operating. 

Constitutional  remedies  for  glaucoma  do  not  have  much  vogue,  but  the 
reports  of  Sutphen  and  Friedenwald  indicate  that  sodium  salicylate  in  large 
doses  has  decided  therapeutic  value. 

Glaucomatous  tendencies  should  be  combated  by  the  correction  of  re- 
fractive errors,  by  the  avoidance  of  constijxition  and  of  over-indulgence  in 
eating  and  drinking,  by  regular  open-air  exercise,  and,  above  all,  by  the 
cultivation  of  self-control,  since  a  glaucomatous  attack  so  frequently  means 
the  explosion  of  emotional  dynamite. 

II.  Secondary  glaucoma  is  the  name  em])loyed  to  describe  a  condition 
in  which  the  more  striking  phenomena  of  glaucoma — increase  of  tension, 
shallowness  of  the  anterior  chamber,  etc. — are  developed  as  consequences  of 
some  antecedent  disease  or  injury. 

The  pathological  conditions  which  most  frequently  give  rise  to  secondarv 
glaucoma  are  perforating  wounds  of  the  cornea,  cither  accidental  or  surgical 
(e.  r/.  hyj)opyon-o]Kn'atious),  suddenly  closed  corneal  fistuhe,  corneal  cicatrices, 
especially  with  staphyloma  or  incarceration  of  the  iris,  serous  iritis  and  irido- 
choroiditis,  occlusion  of  the  pupil,  traumatic  cataract  wnth  swelling  of  the 
lens,  dislocation  of  the  lens,  either  forward  against  the  cornea  or  backward 
into  the  vitreous,  intraocular  tumors,  and  contused  wounds  of  the  eveball. 
The  author  has  observed  glaucoma  follow  a  l)]()w  causing  rupture  of  the 
choroid. 

1.  Hemorrhagic  glaucoma  is  consecutive  to  retinal  hemorrhage  due  to 
atheromatous  or  hyalin  disease  of  the  blood-vessels.  It  may  appear  with 
albuminuric  retinitis.  The  intensity  of  the  symptoms  varies  very  much  in 
diffi^rent  cases,  as  does  also  the  time  of  their  appearance  after  the  discovery 
of  the  extravasations.  It  is  difficult  in  many  cases  to  decide  whether  the 
glaucoma  is  produced  by  the  hemorrhage  or  the  hemorrhage  by  the  glaucoma. 
In  severe  cases  hemorrhage  into  the  vitreous  entirely  obliterates  the  fundus 
reflex. 

2.  Complicated  glaucoma  comprises  those  cases  of  the  disease  which 
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arise  durino;  the  progress  of  some  other  affection,  but  in  wliich  the  causative 
influence  of  the  latter  is  doubtful.  The  most  noteworthy  of  such  complications 
are  cataract,  atrophy  of  the  optic  nerve,  pigmentary  retinitis,  and  myopia  of 
high  degree. 

Treatment. — The  treatment  of  tlie  difPerent  forms  of  secondary  glaucoma 
depends  upon  etiological  considerations.  A  swollen  or  dislocated  lens  slionld 
be  removed,  an  incarcerated  iris  set  free,  and  an  occluded  pupil  remedied  by 
a  generous  iridectomy. 

Hemorrhagic  glaucoma  responds  badly  to  any  form  of  treatment.  Iri- 
dectomy is  dangerous,  being  liable  to  be  followed  by  increased  retinal  hemor- 
rhage. Anterior  sclerotomy  or  eserin  may  })rove  of  service.  In  some  cases 
posterior  sclerotomy  has  been  found  beneticial.  General  treatment  should  not 
be  neglected — ergot,  cautious  use  of  cardiac  sedatives,  the  alteratives,  and  strict 
regulation  of  diet  and  mode  of  life. 

III.  Buphthalmos. — Kerato-globm,  Conr/enital  Hydrophthahnos  (Glau- 
coma Congenitum). — This  is  a  form  of  glaucoma  pertaining  to  childhood,  and 
characterized  not  only  by  elevated  tension  and  cupping  of'  the  optic  disk,  but 
also  by  enlargement  of  the  globe.  The  cornea,  which  may  be  either  clear  or 
opaque,  is  usually  very  thin  and  its  diameter  greatly  increased.  The  anterior 
chamber  is  deep,  the  pupil  dilated,  and  the  iris  tremulous  from  stretching  or 
ruj)ture  of  the  zonula.  The  lens  remains  small.  The  pathology  is  obscure, 
but  the  condition  is  supposed  to  be  due  to  an  inflammation  of  the  nveal  tract 
dating  back  to  intra-uterine  life  and  causing  an  obstruction  to  excretion.  The 
distention  of  the  eyeball  is  explained  by  the  fact  that  the  sclera  of  the  child 
is  more  vieldins:  tlian  that  of  the  adult. 

Treatment. — Iridectomy  is  contraindicated.  Stolting  reports  favorable 
results  from  repeated  sclerotomies,  and  Snellen  from  frequent  puncturing  of 
the  anterior  chamber.  Eserin  and  pilocarpin  should  be  tried.  The  prognosis 
is  very  unfavorable. 
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Cataract. — The  general  term  "  cataract"  is  accepted  in  modern  medicine 
as  meaning  any  opacity  of  the  crystalline  lens.  A  capsnlar  opacity  is  denom- 
inated a  capsular  cataract,  and  an  opacity  involving  both  capsule  and  lens 
substance  a  eapsulo-lenticular  cataract. 

History. — While  cataract  was  well  known  to  the  ancient  Greek  and 
Roman  physicians,  our  knowledge  of  its  true  nature  dates  from  the  begin- 
ning of  the  last  century.  Even  before  this  one  or  two  savants,  as  Mariotte 
and  Boerhaave,  recognized  the  real  situation  of  the  opacity,  but  their  doctrines 
failed  to  obtain  general  acceptance.  In  the  year  1705^  Brisseau,  a  French 
surgeon,  had  the  opportunity  of  making  an  autopsy  upon  the  body  of  a 
soklier  who  had  a  mature  cataract.  Brisseau  performed  depression  of  tlie 
cataract  upon  the  cadaver  and  then  opened  the  eye,  when  he  found  that  tlie 
opacity  which  he  had  depressed  into  the  vitreous  was  the  lens.  He  laid  his 
observations,  together  with  the  conclusions  drawn  from  them,  before  the 
French  Academy,  but  they  obtained  no  credence.  The  Academy  confuted 
him  by  hokling  up  the  doctrines  of  Galen  in  regard  to  cataract.  It  was  not 
till  tiiree  years  later,  when  new  ]>roofs  had  been  brought  forward,  that  tlie 
Academy  recognized  the  new  doctrine,  which  soon  found  general  acceptance. 

Varieties  of  Cataract. — Cataract  may  be  primary,  or  secondary  to  some 
ocular  disorder,  or  it  may  be  symptomatic  of  systemic  disease  or  local  injurv. 

It  may  be  progressive  or  stationary,  partial  or  complete,  and  in  color  black, 
white,  or  amber. 

Various  classifications  of  cataract  have  been  adopted  by  different  author- 
ities, the  simplest  divisions  being  into  the  soft,  hard,  secondary,  and  irregular 
and  special  forms,  with  their  subdivisions  : 


Soft, 


Congenital       |  p^JJJj^']^*^^'  f  Lamellar,  or  zonular, 
or  I  ?         Pyramidal,  or  polar. 


Juvenile, 
Complicated 
or 

Traumatic. 


Hard,  Senile,  /  ^.^'t^^^^^' 

'  (  JNuclear. 

(  Anterior  Polar  Cataract. 
Secondary,      Posterior  Polar  Cataract. 

(  After-cataract. 
Irregular  and  Special  Clinical  Forms. 
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I.  Congenital  or  Juvenile  Cataract.— While  tlie  congenital  or  juve- 
nile cataract  is  the  commonest  form  of  the  soft  variety,  develoj^ng  idiopathi- 
cally,  its  complete  variety  is  not  frequently  encountered,  De  Wecker  having 
noted  but  86  in  40,000  cases  of  ocular  disease. 

(a)  Lamellar  or  Zonular  Cataract. — This  is  the  most  fre(pient  variety 
of  congenital  opacity  of  the  lens.  The  opa(;ity  exists  only  in  certain  layers 
of  the  lens,  between  which  are  perfectly  clear  spaces.  It  is  distinctly  seen 
with  oblique  illumination,  the  opacities  appearing  of  a  light-gray  color  with 
translucent  interspaces.  When  partial,  little  beyond  a  gray  l)lur  can  be 
detected  by  close  examination.  Through  the  dilated  j)upil  the  ophthalmoscope 
will  reveal,  however,  a  sliar})ly-cut,  well-defined  opacity,  surrounded  by  a 
reddish  circle  due  to  reflection  from  the  fundus. 

Coii.stitutiona/  conditiorts  are  important  factors  in  the  development  of 
this  variety  of  cataract,  rachitis,  hereditary  syphilis,  or  scrofula  often  being 
associated  with  it.  There  may  be  imperfect  cerebral  development,  and  Arlt 
found  in  29  such  cases  that  25  were  affected  with  convulsions.  Dental 
defects  are  common,  the  incisors  and  canines  being  marked  with  transverse 
lines,  furrows,  or  terraces.  Usually  lamellar  cataract  is  double,  but  it  may 
be  monolateml,  and  is  either  congenital  or  forms  in  early  infancy.  The 
former  variety  may  be  ascribed  to  developmental  defects ;  the  latter,  to  dis- 
turbances of  nutrition  dependent  upon  the  causes  just  enumerated. 

Congenital  cataract  may  be  found  with  other  abnormal  ocidar  states, 
coloboma,  microphthalmos,  irido-choroiditis,  and  choroido-retinitis  being  the 
most  common.  Disturbances  of  nutrition  during  intra-uterine  life,  arrest 
of  development,  and  the  influence  of  heredity  are  factors  in  the  production 
of  congenital  cataract.  In  forms  of  cataract  developing  during  early  life  the 
influence  of  heredity  is  strong,  and  notable  examples  of  the  affection  appear- 
ing in  many  members  of  the  same  family  are  on  record. 

(b)  Complete  Cataract  of  Young  Persons. — This  is  a  soft  cataract  of 
milky  or  bluish-white  color.  It  has  no  yellow  reflex  ;  it  belongs  to  youthful 
life  and  rarely  occurs  after  thirty-five  years,  before  which  period  the  lens  is 
"  soft" — /.  e.  the  nucleus  is  small.  It  may  degenerate  and  become  fluid,  or 
cholesterin  crystals  or  chalky  dej)osits  may  be  found  in  it.  It  may  arise 
without  known  cause,  and  often  is  monolateral. 

II.  Traumatic  Cataract. — This  may  develop  from  direct  laceration  of 
the  caj)sule  and  lens-fibers,  and  the  rapidity  of  its  ])rogress  is  dependent  u])on 
the  amount  of  surface  exposed  by  the  torn  capsule.  A  normal  lens,  freshly 
removed  and  placed  in  water,  very  soon  will  absorb  abundant  fluid,  and  in 
the  process  of  doing  so  will  swell  and  become  opacjue  and  disorganized. 
This  is  exactly  what  takes  ])lace  when  the  caj)sule  is  wounded.  If  the 
anterior  ca))sule  is  opened,  the  aqueous  is  absorbed  ;  if  the  posterior  capsule, 
the  vitreous, 

Within  a  few  hours  after  the  accident  the  lens  in  the  vicinity  of  the 
injury  becomes  slightly  pufled  and  cloudy.  Soon  this  soft,  pulj)y  mass  forces 
itself  through  the  capsular  wound  and  protrudes  into  the  anterior  chamber. 
It  mav  be  absorbed,  but  in  the  mean  time  mass  after  mass  of  the  swollen 
fibers  follows  and  the  entire  lens  becomes  ojxuiue  and  gradually  disappears. 
Hence  in  favorable  cases  a  clear,  black  pupil  with  good  vision  may  be  the 
result.  In  unfiivorable  cases  some  inflannnatory  complication  arises — iritis 
or  cyclitis — and  if  there  is  any  infection  through  the  corneal  woinid,  a  puru- 
lent process  may  develop  which  will  probably  destroy  the  eye.  At  best,  adhe- 
sions result  which  may  lead  to  detachment  of  the  retina  or  increase  of  tension. 
A  lens  which  swells  very  quickly  may  produce  a  pressure-inflammation. 
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Cataract  may  develoj)  from  an  indirect  injiiry,  witliout  apparent  rupture 
of  the  capsule,  such  as  a  blow  on  tlie  liead  or  side  of  the  face,  or  as  the  result 
of  an  exi)losion,  and  it  is  then  termed  "  concussion  cafaract."  In  these  cases 
there  is  a  sliirht  ru]>ture  of  either  posterior  or  anterior  ca]:)sule.  Occasionally, 
after  both  direct  or  indirect  trauma  of  the  lens,  the  opacity  is  limited  and 
remains  stationary. 

III.  Complicated  Cataract. — Tiiis  may  develop  as  the  result  of  path- 
ological changes  in  almost  any  of  the  tissues  of  the  eye.  It  is  commonly 
associated  with  iritic  adhesions,  cyclitis,  irido-choroiditis,  glaucoma,  opacity 
of  the  vitreous,  and  detachment  of  the  retina.  The  j)i'o</no.si,s  of  complicated 
cataract  is  far  less  certain  than  in  ordinary  cases,  and  operation  more  difficult. 
Indeed,  operative  treatment  is  frequently  contraindicated,  or  some  special 
method  of  surgical  procedure  must  be  devised  to  meet  the  indications. 

l\.  Senile  Cataract. — Hard  (because  the  nucleus  is  large),  simple, 
gray,  or  senile  cataract,  as  it  is  variously  designated,  develops  after  middle 
life,  most  commonly  after  forty-five  years. 

The  rate  of  <levelopment  varies  greatly.    Sometimes  the  cataract  will 

3  2  1 


Fig.  250.— Nuclofir  cHtaract:  1,  set'tion  of  lens,  central  position  of  opacity:  2,  apjwarance  bv  trans 
niittcd  light ;  ;!,  a]>peamnce  by  oblique  illumination.    (Modified'  from  Nettleship.)  " 


Fig.  251.— Cortical  cataract:  1,  section  of  lens,  opacities  beneath  thp  piir.«iiir^  •  9  r,r^o«^f^oo  i 


remam  stationary  for  years  ;  again,  it  will  ripen  completely  in  a  few  months 
It  may  progress  rapidly  for  a  time,  then  remain  stationary  for  years  and 
finally  resume  its  ra])id  ])rogress.    It  nearly  always  affects  both'  eyes  but 
usually  one  considerably  in  advance  of  the  other."  *  ' 

Almost  from  birth  there  is  greater  density  in  the  dee])er  or  more  central 
layers  of  the  lens  than  in  the  superficial.    This  is  not  appreciable  until  after 
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the  age  of  thirty-five.  Then  close  examination  will  discover  tliat  the  lens 
consists  of  a  dense,  hard,  more  opaque,  central  part,  the  nucleus,  and  a  softer 
and  more  transparent  surrounding  mass,  the  cortex. 

This  physiological  condition  may  continue  indefinitely,  with  perfect  vision, 
or  the  central  part  may  become  denser,  more  deeply  stained  and  opaque,  and 
form  a  nuclear  catdract  (Fig.  250).  But  pure  nuclear  cataract  is  rarely  found. 
The  cortex  almost  invariably  is  involved  in  the  cataractous  process  [cortical 
Gcitaract)  (Fig.  251),  but  the  conditions  of  hard  interior  and  softer  surface  con- 
tinue in  greater  or  less  degree  in  all  cases. 

The  commencement  of  a  senile  cataract  is  somewhat  variable.  It  may 
first  appear  in  dark,  linear  striations  passing  from  the  margin  to  the  center 
of  the  lens,  or  it  may  proceed  from  the  anterior  to  the  posterior  surface. 
There  may  be  stellate  opacity  or  irregular  and  unequal  dotted  spaces.  The 
cataract  may  commence  at  the  equator  or  edge  of  the  lens,  or  centrally  at  the 
nucleus.  In  some  cases  these  linear  striations  remain  stationary  for  many 
years.  While  evidently  indicating  beginning  cataract,  they  have  received  the 
name  of  ^' trerontoxon  lentis"  or  "  arcus  senilis  lentis." 

V.  Secondary  Cataract. — This  includes  three  chief  varieties  : 

[a )  Anterior  polar  or  pyramidal  cataract  results  from  a  central  perforat- 
ing ulcer  of  the  cornea  (Fig.  252).    It  may  appear  as  a  conical  mass  projecting 


Fig.  252.— Anterior  polar  cataract  (after  Nettle-  Fig.  253.— Posterior  polar  cataract  seen  by  trans- 

ship), mitted  light  (from  a  case  of  pigmentary  degenera- 

tion of  the  retina). 

forward  from  the  surface  of  the  lens,  attached  to  the  margin  of  the  ulcer,  or 
having  a  thread-like  connection  with  it,  or  as  a  small  white  dot  on  the  capsular 
sui'face.  This  condition  is  extremely  unsatisfactory  in  regard  to  treatment, 
and  its  effect  on  vision  is  most  serious. 

(6)  Posterior  polar  or  pyramidal  cataract  is  dependent  on  choroidal  dis- 
ease, especially  disseminated  choroiditis.  It  is  found  as  a  star-shaped  opacity 
associated  with  higii  myopia,  and  often  with  extensive  opacities  in  the  vit- 
reous, and  less  freiiuently  with  ])igmentary  degeneration  of  the  retina  (Fig. 
253).  It  is  also  caused  by  the  vestigial  remains  of  the  hyaloid  artery  at  its 
lenticular  attachment.  Small  posterior  caj^sular  opacities  from  this  source 
are  common  and  do  not  disturb  vision.  Among  1884  patients  examined  by 
Mittendorf,  44  w'ere  thus  affected.  In  the  course  of  posterior  polar  cataract 
the  lens  itself  will  often  become  opaque,  the  opacity  manifesting  itself  as  a 
o-eneral  cloudiness  or  as  innumerable  dots  scattered  throughout  the  lenticular 
tissue. 

(c)  After-cataract  (also  called  secondary  cataract)  is  the  condition  usually 
left  after  the  operation  of  extraction  of  cataract.  The  changes  occur  in  the 
capsule  ;  the  opening  may  be  closed  by  a  delicate  veil  ;  the  capsule-cells  may 
proliferate,  resulting  in  increased  thickening ;  or  there  may  be  a  plastic  de- 
posit, leading  to  occlusion  of  the  pupil. 
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VI.  Capsular  Cataract.— This  name  is  applied  to  any  thickening  or 
hyperphisia  of  the  capsular  ci)ithcliuni,  which  resembles  connective  tissue. 
It  may  he  congenital  or  result  from  ulcerative  processes  in  the  cornea,  either 
with  or  without  i)erforation  of  the  cornea.  According  to  Mules,  cretified 
remains  of  the  pui)illarv  membrane  explain  some  cases. 

VII.  Capsulo-lenticular  Cataract.— Not  only  is  there  lenticular 
change  in  this  variety,  but  there  is  hyperplasia  of  the  cells  on  the  posterior 
surface  of  the  anterior  capsule,  causing  thickening  of  that  membrane,  com- 
monlv  in  its  center. 

VIII.  special  Clinical  Forms  of  Cataract.— r/.  Diabetic  Cataract. 
— This  is  usually  of  the  soft  variety,  is  ra])id  in  its  formation,  and  almost 
invariably  affects'  both  eyes.  If  it  develops  in  elderly  ])ersons,  it  may  be 
more  consistent  and  have  a  more  or  less  firm  nucleus.  It  is  often  accom- 
panied by  lesions  of  the  deeper  tissues  of  the  eye,  as  retinitis  or  optic  neur- 
itis. If  "^possible,  i)rior  to  operation  these  facts  should  be  carefully  ascer- 
tained on  account  of  their  bearing  on  the  prognosis. 

b.  Albuminuric  Cataract. — Altiiough  changes  in  the  lens  are  sometimes 
found  in  association  with  Bright's  disease,  they  are  infrequent,  and  no 
direct  connection  between  the  two  can  be  traced.  It  is  well  known  that,  as 
a  rule,  cases  of  cataract  attributed  to  albuminuria  make  good  recoveries  after 
oj^eration,  and  a  fair  degree  of  vision  is  secured.  Other  uncommon  forms 
of  cataract  are — 

c.  Central  lental  cataract,  which  consists  of  a  white  opacity  in  the 
center  of  the  lens,  due  probably  to  faulty  development  at  an  early  stage  of 
intra-uterine  existence. 

d.  Punctate  cataract,  in  which  the  opacities  present  themselves  in  the 
form  of  hue  points  and  dots,  eitlier  occupying  the  center  of  the  lens  or  dis- 
tributed throughout  its  substance.  Punctate  cataract  may  be  congenital  or 
develop  in  later  life.  Usually  it  remains  stationary  for  a  long  time,  but  occa- 
sionally progresses  to  maturity. 

e.  Fusiform  cataract,  which  is  characterized  by  an  opaque  stripe  passing 
from  the  anterior  to  the  posterior  pole  of  the  lens. 

Pathology  and  Pathological  Anatomy  of  Cataract. — While  the  exact 
])r()cess  which  produces  cataracts  is  still  obscure,  the  development  of  opacity 
of  the  crystalline  lens,  most  frequently  associated  with  old  age,  is  undoubt- 
edly dependent  upon  some  error  of  nutrition  or  upon  some  nutritive  change 
secondary  to  disease  in  the  (leeper-seat(>d  tissues  of  the  eye.  This  is  evident 
from  its  frequent  origin  in  some  inflanmiatory  disease  in  the  iris,  choroid, 
ciliary  body,  or  vitreous  humor.  Any  ])rocess  which  interrupts  or  diminishes 
the  vascular  supply  to  the  anterior  region  of  the  globe,  or  interferes  with  the 
osmotic  action  of  the  nutritive  fluids,  will  directly  affect  the  normal  conditions 
of  healthful  stability. 

This  interruption  of  natural  conditions  leads  to  slow  but  progressive 
changes  in  the  lens-fibers.  There  is  i)rimarily  a  slight  contraction,  followed 
by  increase  in  volume,  owing  to  the  imbibition  of  fluids ;  cholesterin  is 
increased  in  amount,  and  the  albuminoids  diminished.  The  new  cell-produc- 
tion from  the  intracajisular  cells  can  be  i)lainly  seen  with  the  microscope. 
Later,  the  lens-fibers  atrophy,  their  volume  diminishes,  and  irregular  inter- 
spaces are  formed,  within  which  large  amounts  of  fluid  accunuilate  (Mor- 
gagni's  globules).  Often  the  fibers  show  punctate  cloudiness,  transverse 
striations,  molecular  degeneration,  fat-globules,  and  cholesterin  (Fig.  254). 

F()rster  states  that  in  the  process  of  transformation  of  the  inner  lavers 
of  the  lens  into  a  nucleus  the  layers  diminish  in  volume.    Normally,  this 
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process  is  so  slow  and  gradual  that  the  cortical  layers  adapt  themselves  to  the 
contracting  nucleus.  If,  however,  the  shrinking  progresses  rapidly  or  irreg- 
ularly, there  is  extreme  pulling  or  traction,  with  consequent  separation  of  the 
layers  which  lie  between  the  nucleus  and  cortex.  In  this  condition  fine 
fissures  are  formed  and  fluid  accumulates  in  them  ;  the  adjacent  lens-fibers 
become  opaque  and  form  the  initial  impulse  which  leads  to  complete  lenticu- 
lar opatnty. 

Etiology. — Cataract  may  be  considered  a  disease  of  old  age.  While 
complete  cataract  is  found  at  almost  any  period  of  life,  it  is  comparatively 
rare  before  the  fiftieth  year. 

Sex  does  not  influence  the  development  of  cataract,  except  in  the  zonular 
variety,  in  which  greater  liability  of  females  has  been  recorded.  Occupation 
has  but  little  influence  on  the  development  of  the  disease,  although  it  has 
been  observed  to  occur  more  frequently  in  those  who  are  constantly  sub- 
jected to  intense  heat,  as  laborers  in  Turkish  bath-houses,  glass-blowing 
factories,  smelting-foundries,  etc.     Heredity  has  an  undoubted  influence. 
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Fig.  254.— Cataracta  capsulo-lenticularis,  X  170 :  A-,  anterior  capsule  of  the  lens  ;  e,  epithelium,  occur- 
ring at  e\,  in  several  layers  because  of  proliferation  ;  I,  normal  lens-fibers ;  r,  light-colored  vacuoles  (drops 
of  li(iuor  Morgagni)  between  Zand  the  epithelium.  The  fissures  originating  through  the  separation  of 
tlie  lens-fil)ers  are  filled  with  a  granuhir  mass  (coagulated  fluid),  s,  which  in  places  forms  the  spheres 
of  Morgagni.  iV.  The  lens-fibers  themselves  are  swollen  up  (g),  or  transformed  into  vesicular  ceils  (6), 
or  entirely  disintegrated  (z)  (Kuchs). 

There  are  examples  where  many  members  of  the  same  family  are  aflPlicted. 
The  author  lias  met  with  cataract  in  the  four  children  of  one  family,  both 
father  and  mother  having  develo})ed  the  disease  at  an  early  age.  Hasket 
Derby  has  recorded  8  cases  of  rudimentary  double  cataract  among  10 
members  of  the  same  flimily,  and  Jolm  (jreen  21  cases  of  cataract  among 
71  persons  belonging  to  6  successive  generations  of  one  family. 

Both  acute  and  chronic  diseases  of  the  eye — iritis,  irido-choroiditis,  irido- 
cyclitis, glaucoma,  di.seases  of  the  vitreous,  and  most  commonly  extensive 
and  long-standing  detachment  of  the  retina — frequently  cause  cataract.  It  is 
especially  apt  to  develoj)  after  purulent  processes,  such  as  hypo]iyon-kera- 
titis  or  purulent  choroiditis. 

Such  diseases  as  i(]ioj)athic  fever,  typhoid  fever,  diabetes,  albuminuria, 
atheroma  of  the  carotid,  gout,  .syphilis,  influenza,  rachitis,  bronchocele,  men- 
ingeal inflammation,  and  convulsive  seizures  have  been  associated  with  cata- 
ract formation.    It  lias  been  attrilnited  to  pregnancy  and  j^rolonged  lactation. 
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In  epidemics  of  crc/otism  cataracts  are  frequently  found  {mphanic  cataract\ 
and  artificial  cataract  may  be  induced  in  animals  by  feeding  them  with 
naphthalin  ^naphthidin  cc.taract).  For  that  form  of  cataract  found  in  diseases 
of  the  uveal  tract  and  in  anemia  and  marasmus  the  name  "starvation  catii- 
ract "  has  been  suggested. 

The  influence  of  accomiimUdirc  strain  on  the  production  of  cataract,  as 
well  as  other  serious  ocular  disturbances,  is  not  tlioroughly  understood.  A 
large  proi)ortion  of  cataractous  eyes  are  ametropic.  It  is  probable  that  the 
constant  effort  of  the  ciliary  muscle  unfavorably  influences  the  nutritive  pro- 
cesses of  the  lens. 

The  influence  of  frdumatism  in  the  production  of  cataract  has  been  de- 
scribed. Some  cases  have  followed  a  lightning  stroke,  but  have  also  been 
associated  with  oi)tic  neuritis,  ru])ture  of  the  choroid,  iritis,  or  irido-cyclitis. 

Symptoms. — During  the  development  of  cataract,  especially  the  senile 
form,  the  chief  .subjective  symptom  is  a  gradual  but  steady  loss  of  vision.  In 
those  cases  where  the  periphery  of  the  lens  is  first  affected  very  extensive 
opacity  may  form  without  great  loss  of  vision  ;  but  if  the  opacity  invades  the 
center  or  nucleus,  the  interference  with  sight  becomes  marked  at  an  early 
stage.  This  may  l)c  beautifully  demonstrated  by  the  instillation  of  a  mydriatic 
— improvement  in  vision  will  at  once  a])pear.  It  is  in  this  latter  class  of 
cases  that  an  iridectomy  may  prolong  vision  for  years. 

The  presence  of  floating  spots  or  muscte,  diplopia,  often  monocular,  or 
polyopia,  changes  in  refraction  with  the  development  of  astigmatism,  or  the 
alteration  of  tlie  axis  of  a  pre-existing  astigmatism,  are  exceedingly  conunon, 
and  are  mainly  due  to  the  irregular  swelling  of  the  lens-substance.  This  is 
so  great  at  times  as  actually  to  produc^e  a  true  myopia  (the  "  second  sight  "  of 
the  aged),  and  necessitates  a  greatly  diminished  convex,  or  at  times  a  concave, 
glass  (see  also  page  222). 

Among  the  objective  symptoms  will  be  found  a  narrowing  of  the  anterior 
ciiamber  in  the  early  stages,  consequent  upon  the  advancement  of  the  iris 
and  due  to  the  swelling  and  bulging  of  the  lens  ;  photophobia,  due  to  the 
iritic  irritation  caused  by  the  same  pressure  ;  striaj  or  opaque  spots,  demon- 
strable by  oblique  illumination  ;  and,  finally,  the  changed  ]nipil,  which  is 
altered  from  a  brilliant  black  to  a  staring  yellow,  white,  or  brown.  Some- 
times the  lens  becomes  so  deeply  stained  as  to  apjiear  dark  brown  or  black 
{ccttaracta  nigra);  sometimes  it  is  of  a  milky,  bluish-white  color;  and  some- 
times the  cortex  degenerates,  becomes  fluid,  and  the  hardened  nucleus  sinks 
to  the  bottom  of  the  shrivelled  capsule  {Morgagnian  or  overripe  cataract). 

For  clinical  study  Fuchs  divides  the  periods  of  the  development  of  a 
progressive  cataract  into  four  stages,  as  follows  : 

1.  Stage  of  Incipicnci/  (Cataracta  Incipiens). — In  this  stage  opacities  are 
found  throughout  the  lens,  usually  in  the  shape  of  sectors  or  sj)okes,  with 
spots  still  transparent.    The  anterior  chamber  is  of  normal  depth. 

2.  Stage  of  Swelling  {C((taract((  Intumescens). — The  lens  has  now  absorbed 
more  fluid,  swelled  up,  and  has  pushed  the  iris  forward  and  reduced  the 
depth  of  the  anterior  chamber.  The  opacity  l)ecomes  total  in  this  stage. 
The  lens  is  bluish-white  and  has  a  silky  luster.  The  markings  of  the  stellate 
figures  are  very  distinct. 

3.  Stage  of  Maturity  {Cataracta  Matura). — Contrac;tion  has  now  taken 
place,  and  most  of  the  fluid  absorbed  has  been  lost.  The  anterior  chamber 
has  resumed  its  normal  depth,  and  the  lens,  losing  its  brilliant,  iridescent 
look,  has  a  dull-gray  or  brownish  appearance. 

4.  Stage  of  Hijpermaturity  {Cataracta  Hypermatura). — If  the  chano<e 
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continues,  the  cortex  undergoes  disintegration  and  becomes  either  a  soft^ 
pultaceous  mass  witliout  structural  elements,  or,  if  the  Hnid  is  absorbed,  a  dry^ 
inspissated,  Hattenetl,  cake-like  body.  Tiie  anterior  chamber  is  normal,  and 
the  surface  of  the  lens  is  homogeneous,  or  reveals  irregular  dots  instead  of 
the  usual  radial  markings. 

Diagnosis. — The  old  catoptric  test  may  still  be  used  to  detect  the  pres- 
ence of  cataract,  as  well  as  to  determine  the  presence  of  the  lens  or  of  a  black 
cataract.  In  a  darkened  room  a  lighted  candle  is  moved  before  an  eye  with 
properly  dilated  pu])il.  If  two  erect  images  and  one  inverted  image  are 
retlected  respectively  from  the  anterior  surface  of  the  cornea  and  the  anterior 
and  posterior  surfaces  of  the  lens,  the  lens  is  intact.  If,  however,  the  j)os- 
terior  inverted  image  is  absent,  there  is  some  opacity  behind  the  anterior 
capsule,  and  if  the  deeper  erect  image  is  wanting,  the  opacity  involves  the 
anterior  capsule. 

AVith  oblique  ilhunination  the  opacities  appearing  as  gray  spots  or  stria- 
tions  may  be  easily  recognized.  The  use  of  the  ojjhthahnoscope  has  caused 
all  other  methods  to  be  abandoned.  It  has  rendered  the  detection  of  cataract 
a  matter  of  immediate  and  certain  demonstration.  The  patient,  with  ])upil 
dilated  with  cocain  or  homat]"opin,  is  taken  to  a  darkened  room  and  placed  in 
the  position  for  ordinary  ophthalmoscoj)ic  examination.  Light  is  reflected 
from  the  mirror  through  the  enlarged  pupil,  and  the  interruptions  to  the 
normal  reflex  from  the  choroid  will  indicate  the  lenticular  opacities,  which 
apjK'ar  as  black  spots  or  as  lines  or  streaks  radiating  from  the  margin  to  the 
center.  The  nucleus  may  be  hazy,  or  the  center  may  appear  clear  with 
opaque  rings  surrounding  it.  The  sectors  of  the  lens  may  be  denser  than 
normal,  or  lenticular  flaws,  resembling  cracks  in  glass,  may  be  seen.  Finally, 
there  may  be  entire  absence  of  the  reflex  due  to  complete  opacity  of  the  lens 
body. 

The  Process  of  Ripening. — The  course  and  development  of  cataract  vary 
greatly.     In  the  simple  or  senile  form  the  time  from  incipiency  to  ripeness 
mav  varv  from  a  few  months  to  manv  vears  ;  the  usual  time  is  from  one  to 
four  years.    Cortical  cataract  may  remain  im- 
mature for  a  prolonged  [)eriod  (fifteen  to  twenty  ^ 
years)  ;  hence  the  wisdom  of  a  guarded  prog- 
nosis.   Finally,  when  the  entire  substance  of 
the  lens  has  l)ecome  opa({Uc,  wiicn  the  swelling 
has  subsided,  and  the  anterior  chamber  has 
resumed  its  normal  depth,  the  cataract  is  ripe. 

This  i)eriod  may  be  determined  bv  illuminating  ^.^   ^„  ,      , ■  ■ 

I  *  ^        •  ^  "  r  IG.  _<)-!. — SilJidOW  OI  tllG  iris  SCGll 

the  l)Upil  and  carefullv  observing  if  the  shadow     from  the  front,  appearing  on  that  side 
/.  ,  I     ^  .       x"  J.I     *  •  •    •        ii    i-    ]   I',        j-1        of  the  iris  whieh  is  toward  the  light, 

of  the  margin  of  the  ins  is  reflected  fnmi  the    l  (Fuchs). 
lens.    In  case  no  shadow  is  seen  the  cataract  is 

complete  and  ripe  ;  if  the  sliadovv  is  present,  there  is  still  a  transparent  re- 
flecting layer  of  the  lens  beneath  tlie  capsule  (Fig.  255). 

A  mature  cataract  has  the  ])roperty  of  sei)arating  readily  from  its  con- 
nection with  its  capsule.  As  suggested  by  Arlt,  it  lies  in  its  ca})sule  like  a 
ri])e  fruit  in  its  rind.  The  cause  of  this  will  probably  be  found  in  the  pre- 
liminary swelling  and  contracting  of  the  lens-substance,  and  the  consequent 
loosening  of  the  surfiice  from  the  capsule. 

Progncsis. — This  should  be  guarded  in  immature  cataracts  of  all  varie- 
ties, but  especially  in  the  linear  cortical  variety,  with  which  good  vision  may 
be  retained  for  a  period  varying  from  fifteen  to  twenty-five  years.  The  fol- 
lowing considerations  should  influence  the  ])rognosis  with  reference  to  the 
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result  of  operative  procedure  :  The  want  of  health  in  surrounding  tissues ; 
disease  of  the  nasal  or  laclirymal  passages  ;  various  forms  of  infiamniation  of 
the  conjunctiva  and  margins  of  the  lids;  the  size  and  consistence  of  the 
nucleus*;  the  degree  of  maturity  of  the  cataract;  the  general  condition  of  the 
patient  and  the  presence  of  general  disease,  such  as  diabetes,  chronic  nephritis, 
or  bronchitis,  with  constant  cough  ;  the  presence  of  extreme  myopia  or  hy- 
peropia ;  immobility  or  tremulousness  of  the  iris  ;  and  contraction  of  the 
light-field,  or  want'of  light-perce])tion  due  to  serious  ocular  disease,  such  as 
glaucoma  or  retinal  detachment.  The  j)resence  of  diabetes  or  Bright's  disease, 
while  complicating,  does  not  contraindicate  operation.  Extreme  age  does 
not  necessarily  complicate  the  result. 

The  li(/ht-jidd,  upon  which  the  final  prognosis  is  based,  jiroviding  other 
complicating  circumstances  enumerated  are  absent,  is  thus  tested  :  Place  tlie 
patient  before  a  lighted  candle  about  four  meters  distant ;  the  flames  should 
be  distinctly  recognized.  This  gives  evidence  that  the  macular  region  is 
probably  free  from  coarse  disease.  Now  cause  the  eye  under  examination  to 
fix  the  flame  attentively,  and  move  a  second  lighted  candle  radially  through 
the  field  of  vision.  The  flame  should  be  recognized  as  soon  as  the  rays 
strike  the  edge  of  the  cornea,  and  the  patient  sliould  be  able  to  indicate  the 
direction  in  which  the  light  is  coming.  Thus  the  "  light-field,"  or  the 
"projection  of  light,"  is  tested,  and,  if  the  answers  have  been  accurate, 
"  projection  of  liglit  is  good  in  all  parts  of  the  field." 

Even  after  complete  absorption  of  congenital  cataract  under  the  influence 
of  repeated  discissions,  useful  vision  is  not  always  restored,  because  of  asso- 
ciated optic  nerve-atrophy,  choroidal  disease,  or  changes  at  the  macula. 
The  functional  condition  of  an  eye  with  total  congenital  cataract  is  usually 
less  favorable  than  one  with  the  zonular  variety  of  the  disease. 

Treatment. — From  the  earliest  period  ophthalmologists  have  eagerly 
souglit  some  method  of  absorbing  or  dissipating  the  cataractous  lens.  Vari- 
ous suggestions  have  been  made,  and  various  methods  of  procedure,  such  as 
■massac/e  and  passing  the  electric  current,  have  been  tried,  but  with  negative 
results.  So  long  as  glasses,  changed  in  accordance  with  the  altering  refrac- 
tion of  the  eye,  improve  vision,  they  may  be  worn.  Tonics  are  useful  as 
adjuvants,  and  various  alteratives — e.  g.  iodid  of  potassium — to  relieve 
choroidal  congestions  may  be  exhibited.  During  incipiency  moderate 
mydriasis  may  assist  vision.  At  the  proper  time,  however,  surgical  interfer- 
ence becomes  necessary. 

Various  important  questions  arise  in  determining  the  best  course  to  be 
followed  to  bring  the  treatment  of  cataract  to  a  happy  conclusion.  When 
should  extraction  be  made?  Are  we  justified  in  hastening  the  process  of 
ripening,  and  should  we  interfere  when  one  eye  is  intact  and  has  normal 
vision  ? 

1.  Bxtraction  of  Immature  Cataract. — jNIost  ophthalmic  surgeons 
delay  extraction  until  the  process  of  ripening  is  complete.  While  this  is, 
perhaps,  the  wisest  plan,  everything  considered,  it  is  by  no  means  the  only 
one.  The  danger  of  an  early  operation — the  swelling  of  the  softened  unripe 
cortex — can  be  largely  overcome  by  washing  out  the  cavity  with  warm  saline 
solutions,  after  the  method  of  Panas  and  other  o])erators,  subsequent  to 
extracting  the  nucleus.^  About  the  sixtieth  year  of  life,  and  even  earlier,  an 
unripe  cataract  may  be  successfully  extracted. 

^  Irrigation  of  the  anterior  chamber,  in  the  opinion  of  the  editor,  is  an  unwise  procedure. 
If  the  capsule  is  properly  opened  (see  page  o81),  the  danger  of  swelling  of  cortical  remnants 
is  small— smaller  than  that  which  follows  irrigation. 
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2.  Artificial  ripening  of  cataract  is  rarely  justifial)le.  It  subjects 
the  patient  to  a  second  major  o[)eration  on  the  eye,  with  the  attendant 
dangers.  When  this  operation  is  determined  upon  it  may  be  performed 
according  to  one  of  the  methods  described  on  page  584. 

3.  !^xtraction  of  Monocular  Cataract. — Unless  the  cataract  is 
hypermature  or  a  cosmetic  effect  is  greatly  desired,  we  are  hardly  justified  in 
extracting  an  opaque  lens  when  the  other  eye  has  normal  vision.  The  advan- 
tages of  a  successful  operation  are  that  the  field  of  vision  of  the  affected  side 
becomes  more  extensive,  and  the  ])atient  possesses  an  eye  ready  for  use  should 
vision  in  the  other  eye  become  involved  from  any  cause.  On  the  other  hand, 
while  binocular  vision  is  possible,  objects  are  constantly  blurred  and  sharp- 
ness of  contour  is  wanting.  The  operated  eye  sometimes  lags  behind  the 
other,  giving  an  awkwardness  of  expression  more  grotesque  and  less  pleasing 
than  the  presence  of  the  cataract. 

4.  Operations  for  Cataract. — For  soft  cataracts  discission,  the  method 
of  suction,  a  combination  of  these  methods,  or  linear  incision  may  be 
practised.  The  use  of  the  needle,  rej)eated  if  necessary,  will  suffice  in  the 
usual  soft  varieties,  while  the  suction  method  will  quickly  extract  the  con- 
tents when  of  semifluid  consistency.  It  is  not  wise  to  delay  the  removal  of 
a  congenital  cataract  beyond  the  early  weeks  of  life,  as  interference  with  the 
development  of  the  retina  and  other  deeper  tissues  of  the  eye  may  result. 

Partial  congenital  cataracts  are  treated  by  optical  iridectomy  or  discimion. 
The  former  method  is  applicable  to  those  cases  whose  vision  is  improved  by 
dilating  the  pupil. 

Discission  is  practised  for  the  after-cataract,  not  to  produce  absorption,  but 
to  open  a  passage  for  the  light-rays  (see  page  585). 

For  the  removal  of  the  hard  or  senile  cataract  one  of  the  various  methods 
of  extraction  should  be  followed.  The  results  of  this  operation  are  such  that 
the  older  method  of  couching  has  been  com])letely  abandoned.  While  the 
exact  technique  of  the  various  operations  will  be  found  elsewhere  (see  chapter 
on  Operations,  p.  580),  several  important  points  may  be  properly  referred  to 
here.  The  corneal  incision  should  be  ample  in  size,  and  should  be  completed 
wMth  as  few  motions  as  possible,  the  subsequent  rapid  union  of  the  cut  sur- 
faces being  somewhat  dependent  upon  this.  The  question  of  an  iridectomy 
is  much  discussed,  each  individual  operator  having  finally  to  determine  the 
method  from  his  own  experience.  Probably  simple  extraction  (without 
iridectomy)  is  now  performed  in  60  per  cent,  of  the  cases,  the  maturity  of 
the  cataract,  the  condition  of  the  iris,  and  the  question  of  drainage  determin- 
ing the  method.  A  wise  rule  is  to  perform  simple  extraction,  examine  the 
eye  within  twenty-four  liours,  and,  if  the  conditions  are  not  favorable,  sepa- 
rate the  lips  of  the  wound  and  resect  the  iris.  The  extrusion  of  the  vitreous 
during  the  operation  is  usually  due  to  insuflicient  rupture  of  the  capsule  and 
excessive  pressure  in  delivering  the  lens.  Unless  it  is  so  great  as  to  cause 
total  collapse  of  the  globe  the  removal  of  the  lens  may  be  successfully 
attemjited  by  other  means.  A  degenerated  or  fluid  vitreous  may  instantly 
force  the  operator  to  desist. 

Aphakia. — In  the  normal  eye  the  removal  of  the  lens  (a})hakia)  causes 
a  high  degree  of  hyperopia,  about  11  D.  In  myopia  the  degree  of  hyper- 
opia will  be  lessened,  and,  indeed,  in  myopes  of  high  degree  emmetropia 
may  result  from  extraction  of  the  lens,  or,  if  the  myopia  has  been  very  great, 
a  portion  will  remain  unneutralized  by  the  artificial  hyperopia.  In  addi- 
tion to  the  hyperopic  refraction  which  results  from  cataract  extraction, 
regular  astigmatism  is  often  found.    It  is  probably  produced  by  the  irreg- 
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iilar  contniction  of  the  cicatrix,  and  is  usually  "contrary  to"  or  'J against 
the  rule."  It  is  always  greatest  in  the  early  months  after  the  operation,  and 
slowly  diminishes.  These  conditions  can  he  much  relieved  by  the  application 
of  suitable  glasses.  In  the  average  case  a  simple  splicre  of  from  8  D.  to  12 
D.,  with  the  addition  of  a  cylindrical  glass  of  from  2  D.  to  :\  D.,  axis  con- 
trary to  the  rule,  will  usually  suffice  for  good  distant  vision.  For  reading  an 
additional  sphere  of  from  4  to  G  1).  must  be  added. 

Perfect  vision — /.  c.  {j — is  often  secured  after  extraction,  but  ^  or  even 
jL  of  normal  vision  is  suthcient  to  place  the  case  within  the  list  of  successes. 
Frequently  the  vision  can  be  materially  improved  by  splitting  the  capsule. 
Glasses  should  not  be  adjusted  until  all  signs  of  irritation  have  subsided. 

Changes  of  Position  of  the  Crystalline  I^ens. — Tlie  various 
changes  which  the  position  of  the  crystalline  lens  may  assume,  termed  luxa- 
tion and  suhlHX<(fioii,  may  be  congenital  or  acquired.  The  lens  is  supported 
firmly  in  its  natural  position  by  the  zonula  of  Zinn  or  the  suspensory  liga- 
ment, and  displacement  of  the  lens  is  only  possible  by  relaxation  or  elonga- 
tion of  the  zonula  fibers  or  by  their  destruction. 

1.  CongeniUd  dklocation,  or  eciopia  lentil,  is  almost  invariably  a  sub- 
luxation, and  is  due  to  the  unequal  length  of  the  zonula  in  various  directions. 
The  zonula  being  shortest  above,  the  lens  will  be  found  displaced  upward  or 
upward  and  outward.  Later  in  life  th(;  displacement  may  become  com])lete. 
Both  eyes  are  usually  atf'ected,  but  monocular  cases  are  reported.  Heredity 
appears  to  exert  a  marked  influence  on  the  production  of  congenital  disloca- 
tion. 

2.  Acquired  dislocations  arc  the  result  of  injury,  usually  a  concussion 
which  forces  the  aqueous  backward  and  ruptures  the  delicate  membrane  of 
the  zonula.  The  displacement  may  be  complete  or  incomplete,  the  lens  being 
forced  forward  into  the  anterior  chamber  or  backward  into  the  vitreous,  or 
through  a  laceration  of  the  external  coverings  of  the  eye  beneath  the  con- 
jimctiva,  and  even  under  Tenon's  capsule.  Occasionally  it  is  conqiletely 
expelled  (see  also  page  366). 

Symptoms. — ^In  mbluxation  the  anterior  chamber  is  found  of  une(|ual 
depth,  the  iris  being  pushed  forward  at  (me  point  by  the  margin  of  the  lens. 
The  iris,  losing  its  support  in  part,  is  no  longer  stationary,  but  trembles  with 
every  motion  of  the  eye.  With  the  ophthalmoscope  the  edge  of  the  lens  is 
seen  as  a  dark  grayish  line.  There  may  be  loss  of  accommodation  and  mon- 
ocular diplopia.  In  complete  luxation  forward  the  lens  will  be  easily  recog- 
nized by  its  shape  as  it  rests  in  the  anterior  chamber  or  bulges  out  beneath 
the  conjunctiva.  In  posterior  dislocation  the  conditions  simulating  extraction 
are  present.  AVith  every  form  of  luxation  very  considerable  changes  in 
vision  are  noticed.  In  subluxation  myopia  may  be  present,  and  a  consid- 
erable degree  of  astigmatism.  In  complete  dislocation  backward  the  extreme 
hyj)eropia  of  the  aphakic  eye  is  produced.  The  lens  almost  invariably 
undergoes  cataractous  changes,  and  by  pressure  may  j^roduce  vcrv  serious 
inflammatory  changes  in  the  other  tissues  of  the  eye — iritis,  cyclitis,  and 
choroiditis— or  by  closing  the  angle  of  the  anterior  chamber,  giving  rise  to 
glaucoma  (see  also  page  366). 

Treatment. — In  jiartial  dislocations  the  vision  should  be  improved  as 
much  as  possible  by  a])propriate  glasses.  In  complete  anterior  dislocation 
the  lens  should  be  removed  through  a  proper  incision.  Where  the  disloca- 
tion is  backward,  unless  there  is  some  irritation,  no  attempt  at  removal 
should  be  made.  When  there  is  danger  to  the  eye  an  effort  should  be  made 
to  press  the  lens  forward  into  the  pupil  space  by  passing  a  needle  through  the 
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sclera  behind  the  lens,  and  then  extracting  it  tlirongh  a  corneal  wound  (see 
also  page  r)82). 

Congenital  Anomalies.— Congenital  cataract  and  congenital  ectopia 
lentis  have  been  recorded.    In  addition,  there  remain  to  be  described — 

1.  Congenital  Aphakia. — Total  absence  of  the  lens  at  birth  is  a  condition 
of  which  there  is  no  recorded  example.  Total  absence  of  the  lens  has  been 
found,  however,  in  rare  instances,  as  the  result  of  some  intra-uterine  disease. 

2.  Colobotna  of  the  Lois. — Coloboma  of  the  lens  almost  invariably  accom- 
panies a  similar  condition  of  the  iris  or  choroid,  especially  the  former.  The 
evenly  rounded  margin  of  the  lens  is  rej)laced  by  a  straight  border  or,  it  may 
be,  by  a  notch  of  greater  or  lesser  depth.  Heyl  states  that  the  coloboma  is 
almost  invariablv  found  in  the  lower  segment  of  the  lens.  It  may  consider- 
ably  disturb  the  visual  acuteness. 

3.  Lenticomis. — This  rare  anomaly  consists  of  a  conical  projection  from  the 
surface  of  the  lens,  usually  from  the  posterior  surfaee,  or  it  may  simj^ly  be  an 
exaggerated  curvature  of  the  lens.  On  examination  with  tlie  ophthahnoscope 
it  resembles  a  drop  of  oil  resting  on  the  surface.  It  may  or  may  not  be  asso- 
ciated with  lenticular  opacity.    Anterior  lenticonus  also  occurs. 


DISEASES  OF  THE  VITREOUS. 


By  FLEMMING  CARROW,  M.  IJ., 

OF  ANN  ARBOR,  MICH. 


Hyalitis  (Inflammation  of  the  Vitreous). — This  disease  appears  in  two 
forms — one  characterized  by  mppuration  (suppuratice  /lyalitis),  and  the  other 
by  eitlier  fl.rcd  or  floatincj  opacitieH. 

Etiology. — All  t)pacities  seen  in  the  vitreous,  however,  are  not  to  be 
regarded  as  the  result  of  pathologic  conditions  peculiar  to  that  body,  for  they 
are  usually  dependent  upon  some  structural  change  in  the  uveal  tract  or 
retina.  On  account  of  the  absence  of  blood-vessels  and  nerves  in  its  struc- 
ture the  vitreous  was  at  one  time  supposed  to  be  incapable  of  inflammation, 
but  recent  investigation  has  developed  the  fact  that  idiopathic  or  Hpontaneous 
infla»i}natio)i  may  occur  without  change  of  a  textural  character  in  any  other 
part  of  the  eye.  It  is  true,  iiowever,  that  hyalitis  of  the  suppurative  variety 
is  generally  a  secondary  disease,  being  caused  by  an  injury  (penetrating 
wound)  to  some  adjacent  structure,  or  by  previously  existing  choroidal  disease 
which  had  its  origin,  j^rimarily,  in  consequence  of  some  operative  procedure 
upon  some  other  part  of  the  eye  (as  after  cataract  extraction). 

Suppurative  hyalitis  may  also  be  due  to  microbic  invasion  of  old  operative 
scars  of  several  vears'  standiup;,  to  exhaustion  followino:  anv  leng-thv  debili- 
tating  disease,  especially  the  continued  fevers,  relapsing  fevers,  the  exanthem- 
ata, or  may  result  from  metastatic  choroiditis  after  inflammation  of  the  um- 
bilical cord  in  new-born  cliildren. 

Symptoms. — Since  sup))urative  hyalitis  is  usually  secondary  to  disease 
of  other  structures,  we  will  find  evidences  of  the  presence  of  this  primarv 
affection  in  adhesions  of  the  pupillary  margin  to  the  anterior  capsule  of  the 
lens,  and  a  history  of  iritis  and  cyclitis.  Pus  once  having  formed  in  the 
vitreous  (the  cornea  and  media  being  clear),  it  is  readily  seen  with  the  oph- 
tlialmoscope  occupying  a  circumscril)ed  area  (pscudo-glioma),  while  the  rest 
of  the  vitreous  may  a})pear  perfectly  clear  and  healthy.  This  condition  closely 
resembles  a  true  glioma  of  the  retina;  but  the  history  of  the  case,  with  the 
sym])toms  of  iritis  and  diminished  tension,  will  serve  to  distinguish  them 
(see  also  page  356). 

The  disease  may  remain  confined  to  some  peripheral  jiortion  of  the 
vitreous  body,  but  usually  the  sujipurative  process  extends  until  the  entire 
vitreous  becomes  involved,  and  through  a  resulting  panophthalmitis  the  eye 
is  lost.  The  history  of  some  pre-existing  eye-disease  and  the  0])hthalmoscopic 
appearances  will  sufficiently  indicate  the  location  and  gravity  of  the  affection. 

Prognosis  and  Treatment. — The  result  of  suppurative  inflammation  of 
the  vitreous  is  usually  not  only  the  loss  of  the  affected  eye,  but  the  atrophied 
globe  after  panophthalmitis  may  be  a  source  of  menace  to  the  sound  eve. 
Should  the  health  of  the  sound  eye  be  threatened  at  any  stage  of  the  disease 
enucleation  of  the  affected  organ  must  be  at  once  performed.  ' 
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During  the  course  of  any  lengthy  debilitating  disease,  should  supj)urative 
hyalitis  supervene,  it  may  be  possible  to  save  the  eye  with  some  degree  of 
vision  by  vigorous  tonic  treatment.  Intraocular  injections  of  chlorin-water 
have  been  recommended  on  experimental  grounds  (Berry).' 

Opacities  of  the  Vitreous. — Tiiat  variety  of  inflammation  of  the 
vitreous  characterized  by  the  Ibrmation  oi'  fixed  or  movable  opacities  may  be 
either  acute  or  chronic. 

Etiology. — As  this  form  of  vitreous  disease,  like  the  suppurative  variety, 
is  secondary  to  affections  of  other  portions  of  the  eye,  the  refraction  of  the 
eye  and  the  condition  of  the  lens,  of  the  ciliary  body,  choroid,  and  retina,  must 
be  examined  for  its  cause.  High  degrees  of  myopia  associated  with  posterior 
staphyloma  constitute  a  frequent  cause  of  this  trouble.  Again,  in  choroiditis, 
and  especially  in  the  specific  variety,  a  fine  dust-like  mist  {Jiyalitis  j^uiictafa) 
can  be  detected,  through  which  there  are  distributed  larger  flake-like  opacities 
of  irregular  shape,  which  give  individuality  to  the  primary  disease  which 
caused  them. 

Exhaustion  of  the  general  system  from  long-continued  fevers,  gout,  con- 
stipation, anemia,  interference  with  the  function  of  the  liver  by  congestion, 
irregular  menstruation,  syphilis,  and  the  action  of  drugs  (arsenic),  all  may, 
and  often  do,  produce  opacities  in  the  vitreous.  Injuries  to  the  eye  causing 
choroidal  hemorrluigc  will  also  result  in  the  formation  of  opacities,  and,  if 
extensive,  may  lead  to  suppuration. 

Benson  iuis  described  a  form  of  opacity  in  which  the  vitreous  is  filled 
with  minute,  light-colored  s\)herei^  (asteroid  hyalitis).  The  condition  is  con- 
genital, and  does  not  interfere  with  normal  visual  acuity. 

From  the  foregoing  statements  it  is  evident  that  opacities  in  the  vitreous 
are  generally  the  result  of  some  pre-existing  disease  of  some  other  part  of 
the  eye,  although  there  may  be  a  primary  inflammation  of  this  body  to  which 
they  owe  their  origin. 

Symptoms. — Patients  readily  see  opacities  of  the  vitreous,  either  as  fixed 
or  movable  black  spots,  and  arc  quite  able  to  describe  their  situation,  size, 
and  shape.  There  may  be  no  diminution  of  vision,  although  central  vision 
may  be  entirely  lost  if  there  is  a  large  centrally  situated  fixed  opacity.  Should 
there  be  pain  or  evidences  of  external  inflammation,  it  must  be  taken  for 
granted  that  the  vitreal  disease  is  complicated  by  some  other  affection,  and 
probably  the  result  of  it. 

The  o|)hthalmoscope  offers  the  one  certain  method  of  making  a  positive 
diagnosis  if  the  media  are  clear.  The  patient  is  directed  to  move  his  eye 
quickly  in  all  directions,  and  then  to  hold  it  (piite  still.  The  floating  0})aci- 
ties  are  then  seen  to  move  in  the  vitreous,  and  gradually  to  sink  to  the  lower 
portion  of  the  chamber.  Not  only  can  the  size  of  the  opacities  be  correctly 
estimated  in  this  manner,  but  a  very  good  idea  of  the  degree  of  fluidity  of 
the  vitreous  can  be  obtained.  It  will  be  noticed,  when  the  interior  of  the 
eye  is  illuminated  by  reflected  light  and  the  })atient  directed  to  move  his  eye, 
that  these  opacities  move  in  a  direction  opposite  to  the  movement  of  the  eye  : 
when  the  eye  is  turned  to  the  right,  the  opacities  move  toward  the  left,  and 
in  this  way  they  can  be  distinguished  from  o])acities  in  the  lens  or  cornea, 
which,  being  fixed,  move  with  the  movements  of  the  eye.  Fixed  opacities 
in  the  vitreous  may  be  discovered  by  using  a  strong  convex  lens  (  +  10) 

^  The  editor  hns  also  found  that  in  experimentally  induced  suppurative  hyalitis  in  dogs 
intravitreous  injections  of  chlorin-water  seemed  to  check  the  ])r()cess,  but  is  in  entire  accord 
with  the  author  that  intraocular  injections  are  measures  ordinarily  to  be  condennied  (see 
page  400). 
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behind  the  oplitliahnoscope,  tlic  observer  holding  his  eye  quite  close  to  that 
•of  the  patient  (see  also  pp.  178,  179,  183). 

Treatment.— While  treatment  is  not  generally  effective  in  entirely  re- 
moving oi)acities  of  the  vitreous,  nnich  may  be  done  for  the  relief  of  the 
])atient.  If  myopia  is  found  to  be  their  cause,  its  correction  to  the  full  degree 
of  the  error  should  be  ordered.  Irregularities  of  the  menstrual  function, 
disorders  of  the  liver,  or  exhaustion  from  j)rotracte(l  illness  of  any  kind  must 
be  corrected.  For  syi)hilitic  varieties  the  mercurial  preparations  employed 
in  the  form  of  intramuscular  injections  promise  more  than  when  given  in  any 
other  way.  The  i)r()ti<)did  of  mercury,  combined  with  iron,  also  gives  excel- 
lent results,  as  do  iodid  of  potassium  and  sodium.  Gout,  constipation,  and 
anemia  should  be  treated  for  the  share  they  may  have  had  in  the  production 
of  the  disease.  Diaphoresis  with  pilocarpin  hydrochlorate  (gr.  yV"!  i^yP<>- 
derraically)  is  of  service,  and,  according  to  de  Schweinitz  and  Spaulding,  small 
doses  of  the  same  drug,  even  when  sweating  is  not  produced,  are  valuable. 
Electricity  in  the  form  of  galvanism  has  been  reported  to  be  of  use. 

Various  medicinal  agents,  such  as  the  soluble  mercurial  salts,  solutions 
of  potassium  iodid,  and  carbolic  acid,  have  been  injected  into  the  vitreous 
chamber  in  the  hope  that  absorption  of  vitreous  opacities  and  other  effused 
inflammatory  products  might  follow.  The  writer  does  not  believe  that  such 
treatment  is  warranted,  except  where  vision  has  been  reduced  to  a  mere 
quantitative  perception  of  light,  which  no  remedy,  however  severe,  can  make 
worse,  for  disorganization  and  dense  opacity  of  the  vitreous  body  are  almost 
certain  to  follow  its  use.  Furthermore,  the  hyaloid  and  retina  become  affected, 
and  ])anophthalmitis  usually  results. 

A  large  fixed  and  more  or  less  central  membranous  opacity  may  be 
divided  by  passing  a  discission  needle  into  the  vitreous  in  front,  of  the 
equator  of  the  eye,  entering  it  just  below  the  lower  border  of  the  external 
rectus  muscle,  care  being  exercised  to  watch  the  movements  of  the  instru- 
ment with  the  ophthalmoscope. 

Pseudo-glioma,  so  called  from  its  resemblance  to  glioma  of  the  retina, 
is  a  cir<',umscril)ed  supjiurative  inflammation  of  the  vitreous,  generally  occur- 
ring in  the  periphery  of  the  chamber  near  the  ciliary  region. 

With  the  ophthalmoscope  a  yellowish-white  reflex  can  be  seen,  but  as  there 
are  abundant  evidences  of  a  pre-existing  irido-choroiditis,  there  can  scarcelv 
be  excuse  for  mistaking  this  for  a  true  glioma  of  the  retina.  Diminished  ten- 
sion, followed  by  shrinking  of  the  globe,  sometimes  with  subsequent  ossifica- 
tion of  the  choroid,  marks  the  distinction  between  this  and  true  glioma. 

The  treatment  is  to  be  directed  to  the  primary  disease  standing  in  a 
causal  relation  to  this  affection  (see  also  page  355). 

Muscae  Volitantes. — 3Ii/odeso27sia. — There  are  in  the  vitreous  certain 
ameboid  cells,  most  abundant  at  its  periphery,  which  are  of  normal  occur- 
rence, and  are  not  disturbing  to  vision,  as  they  are  transparent  and  readily 
transmit  light.  On  account  of  their  constant  ])resence  the  mind  usually  dis- 
regards them,  but  occasionally,  when  looking  at  some  white  surface,  as  the 
])age  of  a  book,  and  while  there  are  no  other  retinal  images  with  which  to 
compare  them,  they  force  themselves  upon  the  notice  of  the  patient  and  cause 
more  or  less  distress.  They  may  be  seen  entopticaUi/  by  closing  the  eyelids 
and  turning  the  face  toward  a  bright  light.  They  ap]:>ear  as  fine  threads  and 
specks  of  various  size,  which  float  across  the  field  of  vision  when  the  eve  is 
being  moved,  but  do  not  in  any  way  disturb  visual  acuity.  Occasionally 
they  assume  curiously  fantastic  shapes. 

Treatment. — As  most  patients  annoyed  by  muscae  volitantes  have  some 
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error  of  refraction,  this  should  l)e  corrected  with  suitable  lenses.  At  the 
same  time,  they  should  be  assured  thai  the  presence  of  these  floating  opacities 
has  no  clinical  or  pathological  significance/ 

Hemorrhage  into  the  Vitreous. — This  most  frcHpiently  follows  a 
rupture  of  souk;  of  the  vessels  of  the  choroid  at  its  anterior  ])()rtion  where 
the  retina  is  thinnest,  thus  allowing  a  freer  extravasation  than  would  be  the 
case  should  a  vessel  rupture  at  its  })osterior  part,  where  the  retina  is  thicker. 
Schweigger  doubts  if  extravasation  of  blood  into  the  vitreous  can  occur  as 
the  result  of  a  rupture  of  the  vessels  of  the  retina,  because,  owing  to  the 
arrangement  of  its  connective-tissue  fibril  he  and  the  strength  of  its  internal 
limiting  membrane,  hemorrhage  from  it  would  generally  extend  tow^ard  the 
choroid  and  not  toward  the  vitreous.  However  this  may  be,  we  are  able  to 
see  with  the  ophthalmoscope,  if  the  hemorrhage  is  slight,  a  bright  red  reflex 
indicating  the  seat  of  the  extravasation,  or  a  red  veil  if  the  blood  is  thinly 
distributed  over  a  considerable  extent  of  the  vitreous. 

Spontaneous  hemorrhage  into  the  vitreous  may  occur,  particularly  in  the 
case  of  young  male  adults  who  are  subjects  of  irregularities  of  the  circula- 
tion (Eales)  and  of  gout  (Hutchinson),  Such  hemorrhagic  eff'usions  are  not, 
as  a  rule,  entirely  absorbed,  but  leave  opacities  in  the  vitreous  very  damag- 
ing to  vision  if  centrally  situated. 

If  the  hemorrhage  is  extensive,  the  sight  is  immediately  lost,  and  it  is 
impossible  to  obtain  a  view  of  the  interior  of  the  eye.  After  absorption  of 
the  effused  blood,  and  when  the  vitreous  has  become  clear,  numerous  fixed 
and  floating  opacities  may  be  seen,  which  become  less  and  less  distinct  as 
absorption  goes  on,  only  to  be  followed  by  other  extravasations,  and  perhaps 
finally  by  detachment  of  the  retina.  Permanent  opacities  are  usually  left 
behind,  even  in  those  cases  where  the  hemorrhages  do  not  recur,  and  vision 
is  always  very  considerably  impaired. 

Treatment. — The  mercurial  preparations,  iodid  of  potassium,  pilocarpin, 
and  the  saline  mineral  waters  are  indicated  in  the  treatment  of  these  cases. 
Ergot  may  also  be  employed,  especially  early  in  the  disease.  Abadie  has 
directly  galvanized  the  vitreous,  passing  a  platinum  needle  in  the  chamber, 
in  a  case  of  chronic  vitreous  hemorrhage.  This  procedure  is  of  doubtful 
value. 

Synchisis  Corporis  Vitrei  {Fluidity  of  the  Vitreous). — During  the 
progress  of  certain  diseases  of  the  eye,  notably  retinitis,  choroiditis,  and  very 
higli  degrees  of  myopia,  the  nutrition  of  the  vitreous  is  so  seriously  impaired 
that  its  proper  framework  is  destroyed,  and  it  loses  its  normal  consistency 
and  becomes  a  straw-colored  liquid.  In  extracting  a  cataractous  lens  we 
frequently  have  to  guard  against  this  condition,  which  has  been  developed 
by  a  pi'eviously  existing  disease  of  some  other  ])art  of  the  eye.  There  are 
aiwavs  diminished  tension,  and  fre(|uently  a  tremulous  condition  of  the  iris. 
Treatment  is  of  no  avail. 

Synchisis  Scintillans  {Cholederin  Crystals  in  the  Vitreous). — The 
presence  of  minute  crystals  of  cholesterin  and  tyrosin  in  the  vitreous  \)ro- 
duces  a  very  interesting  ophthalmoscopic  ])icture,  but  docs  not  interfere 
w^ith  vision  if  that  body  is  otherwise  healthy.    The  crystals  are  seen  in  the 

^  For  an  interestinsr  and  suggestive  study  of  musca>  the  reader  is  refei  red  to  a  ]taper  by 
Geo.  M.  Gould,  M.  D.  (Medical  News,  Sept.  15,  1895).  Dr.  Gould  believes  that  there  is  a 
chamber,  which  he  calls  the  aqueo-vitreous  chamber,  situated  between  the  vitreous  posteriorly 
and  the  lens,  its  ligament,  and  the  ciliary  body  anteriorly,  and  whicii  contains  the  muscat-gene- 
tic particles  in  suspension.  These  particles  he  regards  as  the  debris  of  vitreous  katabolic 
change.  Based  on  entoptical  studies,  Dr.  F.  P.  Pratt  believes  that  so-called  nniscae  are  caused 
by  the  lymphatic  capillaries  of  the  vitreous. 
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eyes  of  the  agetl,  usually  iu  connection  with  vitreal  opacities.  They  are  not 
of  fVo(iuent  occurrence.  '  Thev  appear  as  small  luminous  bodies  which  reflect 
the  li<ilit  from  the  ophthalmoscope  in  the  form  of  a  shower  of  sparks,  and  do 
not  yield  to  treatment.  .  , 

Blood-vessel  Formation  in  the  Vitreous.— Observation  with  the 
ophthalmoscope  has  occasionally  reyealed  the  formation  of  new  blood-vessels 
in  the  vitreous,  and  their  presence  is  presumptive  evidence  of  a  previously 
existing  infiammation  of  that  body  or  of  former  hemorrhao-es.  Becker  relates 
that  he  observed  them  in  a  case  of  purulent  inhltration  of  the  vitreous, 
while  Hirschberg  has  seen  them  in  connection  with  specific  disease  of  the 
eye.    They  start  from  the  nerve-head,  which  they  partly  obscure,  and  pass 


Fig.  256.— Blood-vessels  in  the  vitreous  (Hirschberg). 


forward  into  the  vitreous  as  a  more  or  less  well-formed  veil  of  freely  com- 
municating capillaries,  without,  however,  having  any  connection  with  the 
vessels  of  the  retina  (Fig.  2.56). 

Knt02joa  in  the  Vitreous. —Two  distinct  parasites  have  been  found  in 
the  vitreous  of  the  human  eye — the  cysticereus  ccUulosw  and  the  Jilaria  san- 
guinis hominis  (Manson). 

The  former,  while  rare,  has  been  seen  most  fre(piently  in  North  Germany, 
It  is  the  scolex  of  the  tfenia  solium,  the  eggs  of  which,  having  obtained 
entrance  into  the  stomach,  find  their  way  into  the  blood-channels,  whence 
they  are  carried  to  the  eye  and  de])osited  under  the  retina.  In  the  course  of 
its  development  it  is  provided  with  booklets,  by  means  of  which  it  perforates 
this  tunic  and  is  set  free  in  the  vitreous.  Here  it  may  apjiear  encysted  in  a 
membrane  which  will  mask  its  distinctive  characteristics  and  prevent  a  correct 
diagnosis.  If,  however,  it  is  quite  free,  it  is  of  a  pale,  greenish-blue  color, 
having  a  short  neck  surmounted  by  a  round  head  ornamented  with  minute 
suckers,  which  may  be  .'^een  to  move  in  undulating  lines. 

Von  Graefe  attempted  the  removal  of  a  cysticereus  through  an  incision, 
following  his  method  of  the  extraction  of  a  cataractous  lens.  After  delivery 
of  the  lens  he  passed  a  blunt  hook  into  the  vitreouSj  and  by  alternately  ad- 
vancing it  toward  the  entozoon  and  then  withdrawing  it,  he  succeeded  in 
delivering  the  parasite,  without,  however,  restoring  vision. 
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'Vhe  filar  hi  s(in(/uiiiis  /loinhiis  in  the  liunmn  eye  is  of  sucli  mre  occurrence 
that  it  requires  only  passin<>;  mention. 

Detachment  of  the  Vitreous. — The  vitreous  is  subject  to  degenera- 
tive cluxnges  which  produce  a  shrinkage  in  its  vohniie,  thus  removing  it  from 
direct  contact  with,  and  support  of,  the  limiting  membrane  of  the  retina.  As 
is  readilv  seen,  this  (!ondition  is  followed  bv  detachment  of  the  retina  an<l 
loss  of  vision.  The  author  has  enucleated  a  painful  atrophied  eyeball  in 
which  this  condition  was  beautifully  illustrated.  The  vitreous  had  shruid<(!n 
to  half  its  size,  and  was  closely  enveloped  by  the  retina,  and  consisted  of 
bands  of  connective  tissue  stretching  from  the  nerve-head  to  tiie  j)osterior 
surface  of  the  lens.  This  condition  results  from  injury  to  the  vitreous,  fol- 
lowed by  choroiditis  and  hemorrhage,  or  from  extensive  posterior  staphyloma. 
The  treatment  is  enucleation. 

Fatty  Degeneration  of  the  Vitreous. — Under  this  heading  Dr. 
D'CEnch  and  Dr.  Valk  have  reported  cases  the  diagnostic  features  of  which 


Fig.  257.— Cysticercus  in  the  vitreous  (Liebreich). 


seem  to  resemble  those  described  by  TwanoflP  and  called  by  him  fatty  degene- 
ration of  the  stroma  and  cells  of  the  vitreous. 

The  ophthalmosco])e  furnishes  a  picture  of  numerous  white,  glistening 
spots  verv  evenly  distributed  throughout  the  vitreous,  and  having  slight 
motion  when  the  eye  is  moved — not,  however,  an  indei)endent  motion,  but 
one  seeming  to  depend  upon  the  (piivering  or  tremulousness  of  the  normal 
vitreous  when  the  eye  is  quickly  moved  in  any  particular  direction.  Iwanoff 
does  not  regard  this  condition  as  a  pathologic  change,  but  a  quasi-physiologic 
state  due  to  senile  decay.  Tlie  vision  is  slightly  reduced,  but  not  to  an  extent 
requiring  special  treatment,  further  than  tlie  correction  of  any  existing  error 
of  refraction. 

Persistent  Hyaloid  Artery. — The  hyaloid  artery  (an  extension  of  the 
central  artery  of  the  retina)  during  fetal  life  passes  from  the  optic  nerve-head 
forward  across  the  vitreous  body,  sometimes  terminating  in  the  vitreous  and 
sometimes  extending  as  far  forward  as  the  posterior  surface  of  the  lens.  It 
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occupies  a  canal  (the  cminl  of  Chquet),  which,  with  the  artery,  shrivels  up 
and  disappears  about  the  sixth  month  of  gestation.    (See  page  24.) 

In  exceptional  cases,  however,  it  remains,  and,  according  to  De  Beck, 
may  be  seen  floating  in  the  vitreous  in  one  of  tlie  following  forms  :  a  fila- 
mentous strand  attached  to  the  disk,  the  free  end  floating  in  the  vitreous  ;  a 
strand  attached  to  the  lens,  and  the  end  floating  in  the  vitreous  ;  a  strand 
attached  to  the  disk,  and  a  like  strand  to  the  posterior  surface  of  the  lens, 
eacli  terminating  in  the  vitreous;  a  strand  passing  across  the  vitreous  and 
attached  to  the  disk  and  the  lens  ;  a  distinct  vessel  containing  blood,  passing 
entirely  across  the  vitreous  ;  and  the  canal  of  Cloquet,  not  containing  any 
vessel. 

The  remains  of  this  artery  are  also  sometimes  seen  as  irregular  minute 
bodies  on  the  surface  of  the  disk,  and  its  vestigial  remains  doubtless  produce 
that  variety  of  congenital  catara(!t  called  posterior  capsular  cataract  (page 
389)  when  situated  on  the  posterior  surface  of  the  lens.  (Consult  Figs.  137, 
138  on  pages  190,  191.) 
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Congenital  Peculiarities  of  the  Retina. — As  it  is  often  difficult  to 
define  the  limit  between  health  and  disease,  it  becomes  an  important  question 
to  determine  what  should  be  considered  a  normal  retina.  Therefore  atten- 
tion is  first  directed  to  those  cono'cuital  peculiarities  which  cannot  be  classed 
as  pathological.  These  are  usually  described  last  in  chajjters  on  the  retina, 
but  some  repetition  and  confusion  are  avoided  if  they  are  considered  first. 

Such  variations  from  the  normal  type  are  to  be  seen  (1)  in  the  vicinity 
of  the  optic  nerve  ;  (2)  in  the  retina  ;  and  (3)  in  the  macula. 

First. — Variations  near  the  nerve  are  due  to — 

(a)  Iit!<ujHci('>it  pif/inoif,  which  should  not  be  confused  with  the  actual 
atrophy  of  the  retina  and  choroid  in  the  vicinity  of  the  nerve.  The  latter 
diseased  condition  shows  itself  as  a  crescent  more  or  less  marked,  or  even  as 
a  complete  white  circle  (see  Fig.  136). 

{!))  Excess  of  pigment  may  be  seen  in  brunettes,  and  sometimes  amounts  * 
to  a  dark,  well-marked  ring  of  deposit  about  the  nerve. 

((•)  Absence  or  abundance  of  blood-vessels  at  the  edge  of  the  nerve  may 
simulate  disease  and  yet  be  within  normal  limits. 

(d)  Opaque  nerve-fibers  may  present  an  appearance  which  at  first  glance 
may  be  mistaken  for  neuro-retinitis.  It  is  Avell  to  bear  this  in  mind  in  con- 
nection with  that  disease  (see  also  pages  189,  190,  194). 

Second. — Variations  in  the  retina  ai'e  due  to — 

(a)  Insufficient  Pir/ment. — When  of  slight  degree  this  gives  rise  to  a 
peculiar  ap])earance  in  wliich  the  vessels  of  the  choroid  simply  become 
unusually  prominent,  \yhen,  however,  pigment  is  lacking  entirely,  as  in 
albinos,  a  network  of  vessels  distributed  over  a  pink  or  an  absolutely  white 
field  is  apparent. 

(b)  Mucess  of  Pir/ment. — Tn  tliis  condition  the  fundus  is  not  onlv  dark 
and  the  vessels  difficult  to  distinguish,  but  occasionally  the  pigment  is  un- 
equally distributed,  giving  rise  to  a  peculiar  mottled  a])pearance.  In  some 
of  these  cases  the  choroidal  vessels  are  particularly  prominent,  manifesting 
themselves  as  red  lines  distributed  over  rather  a  dark  field. 

Any  of  the  above  variations  from  the  usual  type  are  easily  recognized  as 
physiological,  unless  the  diminution  or  excess  of  pigment  is  confined  to  a 
certain  i)art  of  tlic  retina,  when  it  may  give  to  the  fundus  an  appearance 
which  is  readily  mistaken  for  an  abnormal  condition. 

Third. — Variations  in  the  macula. 

In  typically  normal  eyes  notliing  can  be  seen  of  the  macula  except  the 
red  reflex  of  the  fundus,  the  area  usually  being  darker  than  the  rest  of  the 
background  and  uncrossed  by  retinal  vessels.  But  there  are  variations  from 
this  which  should  be  noticed.  In  blonds  and  in  retinas  having  an  unusually 
small  amount  of  pigment  the  macula  can  often  be  distinguished  as  a  light 
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spot  on  a  darker  field,  its  edges  heing  well  defined,  or,  again,  as  a  dark  area, 
the  edges  of  wiiich  blend  in"i{)ercei)til)ly  with  the  red  of  the  retina  near  it. 
The  latter  is  the  more  common  form.  In  exceptional  cases  the  macula  is 
dark,  and  its  edges  are  marked  by  a  ring  (macular  reflex),  the  center  being 
then  light  or  almost  Avhite  (foveal  reflex)  (see  also  page  188). 

Small,  white,  glistening  dots  are  occasionally  found  in  the  vicinity  of  the 
macula.  These  are  known  as  "  Gunn\  dots.''  Sometimes  they  are  quite 
numerous,  but  they  do  not  interfere  with  ])erfect  vision.  They  are  to  be 
taken  into  account  in  making  a  diflerential  diagnosis  in  cases  of  commencing 
albuminuria. 

A  simple  and  easy  ])lan  of  studying  the  diseases  of  the  retina  is  to  begin 
with  disturbances  of  the  circulation — First,  when  the  suj^ply  of  blood  is 
diminished,  as  in  anemia,  or  entirely  shut  off,  as  in  embolism  ;  and  second, 
when  the  supplv  is  sim])ly  increased,  as  in  hyperemia,  or  increased  with 
other  sigrns  of  inflammation.  This  will  lead  to  tiie  consideration  of  the 
various  forms  of  retinitis,  after  which  will  follow  a  description  of  degenera- 
tive changes. 

Anemia  of  the  retina  means  properly  that  the  lack  of  blood  is  merely 
the  local  expression  of  a  general  condition,  while  ischemia  indicates  that  the 
causes  of  the  altered  circulation  are  in  the  eye  itself. 

Etiology. — Retinal  anemia  occurs  in  ordinury  syncope  or  from  any  cause 
— as,  for  example,  vaso-motor  spasm — which  contracts  the  arteries  of  the 
brain  or  lessens  the  amount  of  blood  sent  there.  Eetinal  anemia,  with  con- 
tracted arteries,  may  occur  in  migraine,  and  may  be  associated  with  hemi- 
anopic  blindness. 

Symptoms. — While  very  marked  decrease  or  increase  in  the  blood- 
supply  of  the  retina  can  be  distinctly  recognized,  it  must  be  admitted  that 
the  slighter  variations  from  the  normal  standard  are  not  easily  diagnosed. 
However,  the  contracted  vessels,  the  lighter  color  of  the  retina,  the  unusual 
whiteness  of  the  nerve,  and  the  functional  disturbances,  if  present,  tend  to 
establish  the  diagnosis. 

Treatment  should  be  directed  to  the  removal  of  the  cause  producing  the 
general  anemia.  As  strychnin  has  long  been  used  hypodermatically  for  a 
diminished  supply  of  blood  in  the  optic  nerve,  as  in  atrophy,  so  has  it  been 
suggested  for  the  same  reason  in  retinal  anemia.  Nitrite  of  amvl  mav  be 
used  to  relieve  spasm  of  the  arteries  of  the  retina.  A  method  of  treatment 
well  worthy  of  trial  is  to  arrange  the  jiosition  of  the  patient,  for  as  long  a 
time  daily  as  can  be  borne  comfortably,  so  that  the  head  is  lower  than  the  rest 
of  the  body.  The  contracted  or  emptied  vessels  of  the  retina  are  filled  by  the 
force  of  gravity. 

Bttibolism  of  the  Central  Artery  of  the  Retina. — Etiology. — The 

most  frequent  cause  of  embolism  is  valvular  disease  of  the  heart,  especially 
wdien  complicated  with  fresh  endocarditis.  It  also  occurs  with  various  forms 
of  arteritis,  with  aneurysm  of  the  aorta  and  carotid,  with  Brigiit's  disease,  and 
with  pregnancy  ;  occasionally  it  complicates  chorea.  It  mav  occur  at  any 
period  of  life,  and  has  been  recorded  from  the  fifteenth  to  the  eightieth  vear. 
Simultaneous  embolic  ])lugging  of  the  central  artery  in  each  eye  has  been 
described,  l)ut  it  is  an  exceedingly  rare  condition.  It  is  more  frequent  on 
the  left  than  on  the  right  side,  and  has  occurred  more  times  in  men  than 
in  women. 

Pathological  Anatomy. — In  the  earliest  case  observed  with  the  o])h- 
thalmoscope  (von  Graefe)  an  ojjportunity  was  afforded  to  secure  a  post- 
mortem examination  one  and  a  half  years  later  (Schweigger).    Sections  of 
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the  eye  showed  that  the  central  artery  was  completely  blocked  just  behind 
the  lamina  cribrosa.  The  embolus  may  be  granular  in  nature,  or  consist  of 
a  hyalin  plug,  or  may  be  covered  with  layers  of  endotlielium.  Sometimes 
it  only  partially  blocks  the  lumen  of  the  vessel ;  at  other  times  it  completely 
occludes  its  caliber.  Atropine  changes  may  be  found  in  tlie  retina,  the  optic 
nerve,  and  the  choroid,  according  to  the  date  of  the  examination  after  the 
embolus  has  occurred. 

The  clot  does  not  always  block  the  central  artery  itself,  but  may  lodge  in 
one  of  the  branches  of  the  main  retinal  artery,  and  there  produce  over  a 
limited  area  the  same  symptoms,  the  same  appearance,  and  the  same  path- 
ological conditions  which  are  found  when  the  central  artery  is  affected. 

Ke-establishment  of  the  circulation  may  occur  because  the  lumen  of  the 
blocked  vessel  again  becomes  free,  and  the  presence  of  cilio-retinal  vessels 
may  be  the  means  of  preserving  good  acuity  of  central  vision.  According  to 
Ward  Holden,  with  single  embolism  of  a  branch  of  the  central  retinal  artery 
there  may  be  a  field  of  irret>ular  form  which  to  a  considerable  extent  is  ex- 
plainable  by  variations  of  the  arterial  distribution,  and  in  cases  where  the 
lumen  of  an  artery  remains  blocked  there  may  be  a  collateral  restoration  of 
its  circulation  by  anastomosing  vessels. 

Symptoms. — The  patient  may  be  entirely  ignorant  of  the  existing  con- 
dition if  the  embolus  occurs  in  one  eye  only,  for  there  is  no  special  pain  nor 
other  ])eculiarity  following,  which  calls  attention  to  the  difficulty,  except  the 
loss  of  vision,  whicli  occurs  with  characteristic  suddenness.  In  other  cases, 
however,  the  subjective  symptoms  in  the  form  of  a  species  of  aura  are  pecu- 
liar. There  are  scintillations  before  the  eyes  or  dark  rings  appear.  In  a 
very  typical  case  which  the  writer  observed  the  patient  remembered  peculiar 
flashes  which  called  her  attention  to  the  rapidly  departing  vision. 

The  ophtlialmoscoj)ic  picture  is  quite  characteristic,  being  that  of  an 
almost  pure  and  well-marked  ischemia  of  the  retina.    The  arteries  are  small, 
and  the  corresponding  veins  considerably  reduced  in  size,  or  they  may  reveal 
unequal  distention,  the  terminal  endings  of  both  being  to  a  great  extent  lost. 
Pressure  from  before  backward  causes  a  regular  current  to  ilow  through  the 
vessels,  which  consist  of  broken  cylinders  of  blood  sej^arated  by  clear  spaces, 
moving  sluggishly  along.    In  the  veins,  directly  after  the  lodgement  of  the 
embolism,  an  intermittent  blood-stream  is  often  visible.    The  optic  disk  is 
blanched  almost  as  it  appears  in  atrophy,  and  the  retina,  especially  in  the 
neighborhood  of  the  papilla  and  the  macula,  is  of  a  whitish  appearance  (the 
.so-called  fog-like  edema),  in  marked  contrast  with  that  of  the  other  eye.  A 
very  ciiaracteristic  feature  of  this  disease  is  the  color  of  the  macula.  The 
rest  of  the  retina  may  ap])ear  of  a  normal  color  or  even  decidedly  whitened, 
but  the  macula  stands  out  in  contrast  witli  its  surroundings  as  a  clear  cherry- 
red  spot  which  attracts  attention  at  the  first  glance.    The  reason  for  this 
peculiar  color  is  by  no  means  fully  explained.    The  general  conclusion,  how- 
ever, is  that  it  is  not  entirely  an  extravasation,  but  is  due  partly  to  an 
engorgement  of  the  choroidal  vessels  beneath  the  macula,  and  ])artly  to  the 
effect  of  contrast  which  this  spot  then  presents  to  the  neighboring  retina 
(Loring).    There  are  also  changes  in  the  pigment  epithelium.    In  dark- 
skinned  races  the  cherry  spot  may  be  replaced  with  a  coal-black  one.  This 
macular  appearance  is  more  apt  to  arise  in  stoppage  of  the  main  trunk  than 
when  only  a  branch  is  plugged.    Occasionally,  if  the  embolus  lodges  in  a 
branch  of  the  main  artery,  it  is  visible  to  the  ophthalmoscope  as  a  small 
yellowish  body,  or  it  may  be  assumed  to  be  present  because  at  one  point  in 
the  artery  there  is  a  swelling,  while  beyond  it  the  vessel  is  obliterated  or 
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greatly  contracted.  In  tlie  course  of  several  weeks,  in  complete  cases,  the 
retinal  edema  subsides,  the  disk  undergoes  atrophy,  and  the  vessels  are  con- 
verted into  wliite  lines. 

The  subjective  sympfomH  are,  in  complete  cases,  sudden  loss  of  vision, 
unless  the  presence  of  a  vUio-retinal  vessel  permits  the  preservation  of  good 
acuity  of  sight,  as  reported  by  Wadsworth,  and  occasionally  headache  and 
giddiness.  Accordino-  to  C  F.  Clark,'  the  evidence  is  not  sufficient  to  war- 
rant  the  conclusion  tliat  true  cilio-retinal  vessels  are  tlie  means  oi  preserving 
the  integrity  of  the  })a])illo-macular  region  of  the  retina.  In  obstruction  of 
a  branch,  vision  may  be  very  good,  or,  indeed,  even  normal.  The  field  of 
vision  depends  upon  the  extent  of  the  circulatory  obstruction.  If  only  a 
branch  has  l)een  occluded,  that  portion  of  the  retina  which  receives  its  blood- 
su])ply  from  this  source  will  be  paralyzed  and  the  opj)osite  area  of  the  tield 
darkened.  ( )ceasionally  there  is  a  central  scotoma.  The  tension  may  be 
raised,  lowered,  or  normal. 

Diagnosis. — These  cases  may  simulate  anemia  of  tlie  retina,  because  the 
condition  of  the  heart  produces  some  general  anemia,  but  the  history  is 
usually  sufficient  to  separate  one  disease  from  the  other.  While  the  ophthal- 
moscopic appearances  already  detailed  indicate  interruj)tion  of  the  retinal 
circulation,  it  is  often  difficult,  and  even  impossible,  to  distinguish  between 
thrombosis  and  embolism  of  the  artery.  Similar  aj)pearanees  may  be  pro- 
duced by  hemorrhage  into  the  sheath  of  the  opti(;  nerve  (see  page  453). 

Prog-nosis. — This  depends  uj)()n  the  rapidity  with  which  the  collateral 
circulation  is  established,  a  greater  or  less  tendency  to  this  being  a])parent 
almost  from  the  first.  In  complete  embolism  of  the  central  artery  the  prog- 
nosis is  most  unfavorable. 

Treatment. — Paracentesis  has  been  tried  in  order  to  change  the  amount 
of  blood-pressure,  but  in  general  more  depends  upon  improving  the  condition 
which  has  caused  the  embolus  than  upon  any  attempts  at  local  medication. 
Nitrite  of  amyl  inhalations  are  recommended  by  Gilford,  and  massage  of  the 
eyeball,  in  the  hope  of  dislodging  the  embolus,  should  be  faithfully  tried. 
This  has  been  effected  in  some  cases. 

Thrombosis  of  the  Retinal  Artery. — Thrombosis  may  occur  under 
the  same  conditions  which  are  active  in  the  production  of  embolism,  and  the 
thrombus  may  form  either  in  the  central  artery  itself  or  in  one  of  its  branches. 

0])hthalmosco})ically,  it  is  difficult  or  impossible  to  distinguish  between 
thrombosis  and  embolism.  According  to  Priestley  Smith,  ])revious  attacks 
of  temporary  blindness  in  the  affected  eye,  a  simultaneous  attack  of  tempo- 
rary blindness  in  the  unaflTected  eye,  giddiness,  faintness,  and  headaches  are 
apt  to  be  associated  with  thrombosis,  and  not  M'ith  embolism. 

The  treatment  is  the  same  as  that  recommended  for  embolism. 

Hyperemia  of  the  Retina.— By  this  term  is  understood  an  abnormal 
and  equal  increase  in  the  amount  of  blood  throughout  the  entire  retina. 
Hyperemia  of  the  larger  blood-vessels  is  easily  recognized.  When,  as  is 
usual,  this  is  accompanied  by  capillary  hyperemia,  the  condition  is  indicated 
by  a  change  in  the  color  not  only  of  the  retina  itself,  but  especially  of  the 
surface  of  the  o])tic  nerve,  which  becomes  redder  than  n(n'nuil.  Should  the 
hyperemia  exist  in  a  marked  degree,  the  overflowing  arteries  have  a  tortuous 
appearance,  such  as  would  naturally  be  expected  when  an  elastic  vessel  is 
filled  beyond  its  normal  capacity.  Two  forms  of  hyperemia  are  to  be  distin- 
guished, the  active  and  the  ])assive. 

1.  Active  hyperemia  may  be  produced  by  a  variety  of  causes.    One  of 

^  Archims  of  Ophthalmology,  xxvi.  1897,  pp.  395-404. 
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these,  for  example,  is  long-continued  effort  at  accommodation,  especially 
when  made  by  artificial  light  or  when  the  refractive  condition  of  the  eye 
necessitates  an  unusual  amount  of  straining  of  the  ciliary  muscle.  De 
Wecker  has  noticed  that  a  solution  of  the  tincture  of  opium  dropped  into 
the  conjunctival  sac  will  also  produce  a  certain  amount  of  active  hyperemia. 
It  is  commonly  present  in  eyes  exposed  to  glare  of  light  and  heat — e.  g.  in 
puddlers.  The  same  condition  occurs  in  several  of  the  inflammations  of  the 
eye,  especially  when  the  uvea  is  involved. 

Symptoms. — These  are  more  or  less  pronounced,  varying  from  slight 
sensations  of  discomfort  to  considerable  photophobia  and  lack  of  eye- 
endurance. 

Diagnosis. — This  is  not  so  easily  made  as  might  be  imagined.  As  the 
subjective  symptoms,  even  if  present  at  all,  are  usually  by  no  means  promi- 
nent, the  diagnosis  in  a  large  proportion  of  cases  must  be  determined  by  the 
ophtlialmoscopic  appearance.  But  it  should  be  borne  in  mind  that  the  blood- 
supply  to  the  retina  may  seem  to  vary  from  the  normal  standard  when  in 
reality  this  is  not  the  case.  In  some  individuals  the  retinal  vessels  are  much 
more  abundant  than  in  others,  just  as  we  find  complexions  of  a  florid  type  or 
with  decided  pallor.  Particularly  does  the  condition  of  the  refraction  change 
the  apparent  size  of  the  vessels  when  examined  by  the  ophthalmoscope. 
Again,  a  decided  astigmatism  may  distort  the  vessels  in  different  meridians. 
Indeed,  the  beginner  with  the  ophthalmoscope  must  be  careful  not  to  fall  into 
the  common  error  of  diagnosing  a  "  retinal  congestion"  when,  in  reality,  there 
is  nothing  of  the  kind  present.  Only  a  careful  study  of  the  case,  with  due 
regard  to  errors  of  refraction,  will  enable  one  in  certain  instances  to  decide  as 
to  the  presence  or  absence  of  hyperemia  of  the  retina. 

2.  Passive  Hyperemia. — Any  cause  which  interferes  with  the  egress  of 
blood  from  the  eye  may  produce  this  condition  ;  for  example,  in  glaucoma, 
where,  as  a  result  of  the  pathological  condition  accompanying  that  disease, 
the  veins  are  enlarged  to  a  considerable  degree,  the  finer  branches  are  more 
numerous,  and  the  larger  trunks  more  tortuous,  especially  near  the  margin 
of  the  papilla.  Another  example  is  furnished  by  the  condition  known  as 
"  choked  disk."  Stasis  hyperemia  is  also  present  in  mitral  disease,  emphy- 
sema, convulsive  seizures,  and,  indeed,  in  any  state  which  prevents  the  veins 
of  the  head  and  neck  from  emptying  their  contents  into  the  venous  channels 
of  the  chest. 

Symptoms. — These  are  similar  to  those  which  occur  in  active  hyperemia. 
The  same  care  should  be  exercised  in  making  the  diagnosis,  although  in 
this  form,  mistakes  are  not  so  liable  to  occur  as  in  active  congestion. 

The  prognosis  and  treatment  depend  upon  the  causes. 

Somewhat  analogous  to  congestion  or  hyperemia  of  the  retina  is  the  condi- 
tion known  as  hyperesthesia  of  the  retina,  or,  to  employ  the  term  suggested 
by  Jaeger  and  Loring,  irritation  of  the  retina. 

Ophthalmoscopically,  may  be  seen  undue  redness  of  the  nerve-head, 
veiling  of  its  nasal  margins,  and  delicate  edema  of  its  surface.  Often  the 
entire  fundus  is  ill  defined,  and  the  details  of  the  background  of  the  eye  are 
imperfectly  seen. 

Etiology. — Cases  of  this  character  arc  caused  by  errors  of  refraction  and 
anomalies  of  muscle-balance.  They  are  often  associated  with  chronic  head- 
ache, neuralgia,  and  their  subjects  suffer  from  photophobia,  blepharospasm, 
and  marked  asthenopia.  In  some  instances  there  appears  to  be  a  distinct 
relation  between  retinal  irritation  and  changes  in  the  naso-pharynx,  particu- 
larly those  characterized  by  a  hypersensitive  mucous  membrane  and  vaso- 


410 


DISEASES  OF  THE  RETINA. 


paretic  and  infiltratod  turbiiials.  Loring  believes  that  retinal  irritation  may 
be  a  forerunner  of  organic  ojitic-nerve  disease. 

Anesthesia  of  the  Retina  {Xcurasthenic  Asthenopia) —T\\\s  qow^x- 
tion  is  really  a  symptom  of  a  complicated  neurosis  rather  than  a  special  dis- 
order of  the  retina.  Its  phenomena  have  been  specially  studied  by  Wild- 
brand,  who  records  the  sul)jective  symptoms  as  follows:  Peculiar  contraction 
of  the  Held  of  vision,  indicating  retinal  fatigue  and  tlie  development  of  tiie 
so-called  co<</(/e/--/7W(/ (see  page  4<S(jj ;  rapid  disa])pearance  from  view  of  any 
object  which  is  fixed;  diminution  of  central  vision;  sudden  attacks  of 
obscuration  of  vision  and  processions  of  scotomas ;  visual  hallucinations ; 
lack  of  fixation  of  the  optical  memory-images ;  and  marked  asthenopia. 
The  subjects  of  this  affection  are  chiefly  women,  and  often  those  afflicted  with 
■ovarian  and  uterine  disease,  hysteria,  and  chlorosis.  Pure  types  are  also 
seen  in  men,  and  are  often  connected  with  sexual  derangements. 

Treatment. — This  must  be  directed  toward  the  general  condition, 
although  any  error  of  refraction  should  be  corrected  and  the  ])roper  glasses 
worn  constantly.  It  must  be  remembered  that  neither  in  this  type  of  retinal 
affection  nor  in  hyperesthesia  of  the  retina  are  spectacles  alone  sufficient.  A 
consideration  of  the  etiological  factors  only  will  supply  indications  for  the 
proper  constitutional  and  local  measures. 

Thrombosis  of  the  retinal  veins  has  been  observed  as  the  result  of 
syphilis  and  with  heart-disease.  Thrombosis  of  the  central  vein  is  some- 
times seen  with  hemorrhagic  retinitis,  of  which  it  may  be  the  cause,  and  also 
in  a  few  other  conditions  in  Avhich  the  walls  of  the  veins  have  undergone  some 
detjencration. 

Symptoms. — As  these  lesions  can  be  seen  ophthalmoscopically,  it  is  nat- 
ural to  expect  with  them  certain  symptoms  more  or  less  well  marked.  These 
^re  a  scotoma  of  varying  size,  corresponding  in  extent  and  location  to  the 
part  affected  by  the  thrombus,  and  usually  floating  bodies  in  the  vitreous 
{/ii/a/itis),  causing  musca}  volitantes.  Complete  thrombosis  of  the  central 
vessel  causes  great  engorgement  of  the  veins,  interru])ted  venous  circula- 
tion, strong  venous  pulse,  streaked  disk-margins,  and  numerous  retinal 
hemorrhages. 

The  diag-nosis  is  comparatively  simple  when  the  vitreous  is  sufficiently 
clear  to  enable  the  lesions  to  be  recognized  by  the  ophthalmoscope. 

No  local  treatment  is  of  any  value,  but  ])otassium  iodid,  mercuric  chlorid, 
and  other  alteratives  may  be  given  to  encourage  absorption  of  the  effused 
blood. 

Tdanf/iectasia  of  the  retinal  vessels,  aneurysm,  of  the  central  artery,  and  vari- 
cose veins  of  the  retina  have  also  been  observed,  but  they  are  so  rare  as  to 
<leserve  only  mention  here.  They  show,  in  general,  that  while  we  have  in 
hyperemia  the  first  step  toward  a  real  inflammation,  the  vessels  of  the  retina 
also  undergo  the  same  variations  from  the  normal  standard  as  occur  in  other 
]xirts  of  the  body. 

Retinitis. — Under  this  general  term  are  included  the  various  types  of 
inflammation  of  the  retina. 

Forms  of  Retinitis. — These  are  not  always  properly  described  by  the 
names  given  to  them,  nor  is  the  term  itself  always  exactly  applied.  Thus, 
it  sometimes  expresses  a  pathological  condition — for  instance,  serous,  paren- 
chymatous, or  suppurative  retinitis;  or  it  is  used  to  denote  the  results  or 
accompaniments  of  such  inflammations — for  example,  hemorrhagic  retinitis  • 
or,  again,  it  is  employed  to  describe  the  cause — e.  g.  syphilitic  or  albuminuric 
retinitis.    Again,  retinitis  pigmentosa  and  other  names  indicating  inflammation 
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are  given  to  retinal  lesions  which  are  not  inflammations  at  all,  in  the  true 
sense  of  the  word.  Therefore,  it  is  desirable  to  keep  in  mind  the  three  types 
of  inflammation  to  which  the  retina  is  subject — namely,  the  serous,  the  paren- 
chi/matous,  and  the  purulent. 

These  types,  more  or  less  modified,  are  met  with  in  conjunction  with  cer- 
tain systemic  conditions  :  thus  the  serous  type  is  often  found  with  syphilis, 
while  the  })arenchymatous  type  occurs  principally  with  changes  in  the  kid- 
neys. The  diflereut  retinal  inflammations  can  best  be  understood,  therefore, 
by  considering  these  types  flrst,  and  later  their  modiflcations,  after  which 
another  group — the  scleroses — of  which  the  so-called  retinitis  pigmentosa  is 
a  type,  will  be  described.  That  is,  all  forms  of  retinitis  may  be  arranged 
into  four  groups  : 

I.  Simple  or  Serous  Rethiitis. — Allied  to  this  are — 
(a)  Syphilitic  retinitis; 
(6)  Sympathetic  retinitis ; 

(c)  Retinitis  from  concussion. 

II.  Parencht/matous  Bet'uiitis. — In  this  are  included — 

(a)  Albuminuric,  retinitis ; 

(6)  Diabetic  retinitis ; 

(e)  Leukemic  retinitis ; 

(d)  Syphilitic  chorio-retinitis ; 

(e)  Hemorrhagic  retinitis ; 
(/)  Macular  retinitis. 

a.  Retinitis  albescens  ; 

Retinitis  circinata  ; 
y.  Solar  retinitis  ; 

0.  Symmetrical  changes  at  the  macula  lutea. 

III.  Embolic  or  Septic  Retinitis. 

IV.  Retinal  Sclerosis. 

(a)  Retinitis  pigmentosa,  typical  form  ; 

(b)  Retinitis  pigmentosa,  atypical  form  ; 

(c)  Retinitis  proliferans.  • 

Serous  Retinitis  (Retinitis  Simplex;  Edema  of  the  Retina;  Peri- 
papillary Retinitis). — Retinal  inflammation  of  slight  degree,  marked  only 
by  hyperemia  and  exudation,  is  known  as  simple  retinitis.  When,  however, 
there  is  besides  an  alteration  of  the  deeper  tissues  (hyperj)lasia),  the  term 
parenchymatous  is  used.  It  is  evident  that  the  two  forms  may  merge  into 
each  other  by  imperceptible  gradations  under  certain  circumstances,  and  that 
a  process  wiiich  begins  as  simple  retinitis  may  pass  into  the  p:.renchyniatous 
form.  Practi(;ally,  however,  the  first  type  or  stage  retains  its  own  character- 
istics so  constantly  that  it  may  be  properly  considered  a  distinct  disease. 

Varieties. — As  the  retinitis  may  vary  according  to  the  depth  to  which 
the  layers  are  invaded,  it  may  also  vary  in  the  extent  superficially  or  in  the' 
secondary  changes  accompanying  it.  When  the  edema  is  limited  to  that 
region  where  the  retina  is  the  thickest — namely,  about  the  edges  of  the  optic 
nerve — the  aj^pearance  presented  is  so  peculiar  as  to  warrant  the  name  pcri- 
p)apillary  retinitis. 

Diffuse  retinitis  is  more  common.  The  edema,  extending  over  the  entire 
retina,  veils  to  a  greater  or  less  extent  the  features  of  the  fundus. 

Btiolog-y. — The  causes  to  which  simple  retinitis  has  been  ascribed  are 
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manifold.  Among  these  liave  been  eniiinerated  excessive  use  of  the  eyes 
under  unfavorable  conditions,  refractive  error,  dazzling  light,  exposure  to 
cold,  chill,  etc.  In  many  cases,  however,  it  is  due  to  syphilis.  It  may  be 
the  initial  change  of  other  forms  of  retinitis  presently  to  be  described. 

Patholog-y. — The  term  inflammation  ordinarily  is  applied  to  nutritive 
disturbances  accompanied  by  redness,  swelling,  heat,  and  pain  ;  but  it  is  neces- 
sary to  modify  this  definition  in  accordance  with  the  alterations  to  which  this 
pathological  jjrocess  is  snbjected  by  the  different  structures  of  the  body  in 
which  it  occurs.  Especially  is  this  the  case  in  retinitis.  In  the  early  stages 
of  the  inflammation  a  hyj)eremia,  more  or  less  well  defined,  is  present.  This 
corresponds  to  the  redness  which  accomj)anies  an  inflammation  elsewhere.  As 
a  result  of  the  distention  of  the  vessels  there  is  naturally  edema,  with  some 
infiltration  of  the  lenkocytes  into  the  inner  layers  of  the  retina,  particularly 
into  the  nerve-fiber  and  ganglionic  layers,  or  even  into  the  vitreous  humor. 
Similar  lesions  would  produce  swelling  if  they  occurred  in  other  portions  of 
the  body.  These  two  pathological  changes  constitute  practically  all  which 
are  present  in  pure,  simple  retinitis. 

Objective  Signs. — The  ophthalmosco))ic  changes  are  as  slight,  propor- 
tionately, as  are  the  pathological  alterations.    They  are — 

(1)  Eih'inu  of  the  retina.  The  features  of  the  retina  can  usually  be  dis- 
tinguished, but  they  appear  as  if  seen  through  a  mist.  The  retina  often  has 
a  somewhat  grayish  aspect,  almost  invariably  the  vitreous  is  more  or  less 
clouded  by  the  infiltration,  and  the  details  of  the  retina  are  consequently 
indistinct. 

(2)  The  vcssek,  especially  the  rr/y/.s,  (ire  altered.  They  are  more  tortuous 
and  have  a  greater  number  of  branches  than  usual.  Thev  are  distended  at 
some  points  or  disappear  under  the  swollen  retina  at  others.  Sometimes  the 
arteries  appear  reduced  in  size  from  compression. 

(.3)  HeinovrlKKjex  are  occasionally  met  with,  but  are  not  common  with 
the  serous  variety  of  inflammation  ;  nor,  indeed,  are  any  other  of  the  more 
extensive  alterations  present  which  are  found  when  the  deeper  layers  of  the 
retina  are  affected. 

Subjective  Symptoms. — (1)  The  first  and  most  important  symptom  is  a 
diminution  in  the  acuity  of  central  vision,  often  associated  with  greater  or 
less  contraction  of  the  field.  Occasionally,  in  the  circumscribed  varictv  of 
retinitis,  only  one  spot  is  involved,  ])erhaps  near  the  equator,  and  then  not 
only  is  it  easily  recognized  because  of  the  contrast  which  this  area  presents  to 
the  surrounding  tissue,  but  an  exact  examination  of  the  field  shows  a  well- 
defined  scotoma  corresponding  to  the  affe(;ted  ])art. 

(2)  Distortion  of  vision  due  to  the  altered  retina.  The  exudation  into 
the  retina  changes  the  position  of  that  membi'ane  more  or  less,  and,  together 
with  the  unequal  pressure  upon  the  rods  and  cones,  produces  peculiar  distor- 
tions of  the  retinal  image.  Thus,  objects  may  a])pear  larger  than  normal 
{megalojma),  or  the  patient  may  describe  them  as  being  distinctlv  smaller 
{micropsia),  or,  finally,  they  may  be  distorted  in  various  wavs  "(Ixiring). 
When  the  difficulty  exists  in  both  eyes  it  is  not  always  easy  to*  decide  what 
the  peculiarities  are  in  each,  unless  one  eye  be  covered  or  diplopia  is  pro- 
duced with  a  prism. 

(3)  A  symptom  occasionally  present  in  this  type  of  retinitis  is  the  ability 

to  see  better  by  imperfect  illumination — for  example,  in  the  evening  than 

where  tlie  light  is  bright.  This  condition  has  been  called  by  Arlt  in/ctalopic 
retinitis.    Evidently,  however,  it  is  only  a  symptom. 

(4)  As  there  are  no  sensitive  nerve-fibers  in  the  retina,  often  a  hio-h 
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degree  of  inflammation  passes  without  pain,  inij)erfect  and  distorted  vision 
being  about  tlie  only  symptoms  which  attract  the  attention  of  the  patient. 

Diagnosis, — This  is  easily  made,  especially  in  cases  not  far  advanced, 
there  being  then  no  danger  of  confusing  the  serous  with  the  parenchymatous 
form.  The  veiling  of  the  fundus  when  the  inflammation  is  dlfaac,  or  the 
grayish  patches  when  it  is  circa imcribaJ,  together  with  the  changes  in  the 
vessels,  or  swelling  of  the  retina,  with  the  corresponding  diminution  of 
vision,  furnish  a  cliaracteristic  picture. 

Prognosis. — This  is  uncertain  and  depends  somewhat  upon  the  cause. 
It  can  never  be  safely  foretold  that  a  serous  inflammation  thus  begun 
will  not  assume  the  parenchymatous  form.  When  the  inflanmiation  is  not 
present  in  a  marked  degree,  or  when  it  has  existed  for  a  com})aratively  short 
time,  absorption  is  apt  to  take  place;  or  when  the  serous  inflammation  is 
dependent  upon  syphilis  the  prognosis  is  more  encouraging,  inasmuch  as  this 
variety  frequently  yields  readily  to  treatment. 

Treatment. — Whenever  the  cause  can  be  determined,  it  is  of  course 
necessary  to  combat  that  first.  Where  there  is  a  distinct  history  of  syphilis, 
or  when  the  serous  retinitis  is  apparently  connected  with  any  systemic  disturb- 
ances, the  plan  to  be  pursued  is  plain  enough ;  but,  unfortunately,  the  causes 
are  by  no  means  always  clear,  and  in  those  cases  only  local  treatment  remains. 
Usually  much  attention  is  given  to  protecting  the  eyes  from  bright  light, 
colored  glasses  or  even  a  dark  room  or  a  bandage  being  advised ;  but  in  this 
disease,  as  in  others  requiring  confinement  in  a  dark  room,  the  patient  should 
be  given  a  certain  amount  of  exercise  daily  in  the  open  air.  The  artificial 
leech,  cold  applications,  and,  in  general,  an  antiphlogistic  form  of  treatment 
are  advisable  in  inflammations  of  the  sthenic  type.  Mydriatics  are  not 
usually  mentioned  in  this  connection,  but  it  is  undoubtedly  the  case  that 
atropin  often  assists  in  keeping  the  eye  entirely  at  rest,  and,  although  the 
dilated  pupil  allows  more  light  to  enter  the  globe,  the  improvement  following 
the  use  of  atropin  is  too  common  to  warrant  its  omission. 

Syphilitic  Retinitis  {Specific  Retinitis). — It  is  a  question  whether  aa 
inflammation  of  the  retina  occurs  primarily  as  a  result  of  syphilitic  infection. 
Desmarres,  among  the  French,  and  the  English  practitioners  generally,  are 
inclined  to  regard  syphilis  as  commencing  always  in  the  choroid,  and  affect- 
ing the  retina  only  secondarily.  However  this  may  be,  a  serous  inflamma- 
tion of  the  retina  often  results  from  syphilis. 

In  the  pathological  anatomy  of  this  disease  there  is  nothing  sufficiently 
characteristic  to  distinguish  it  from  serous  retinitis  due  to  other  causes.  Still, 
one  peculiarity  may  be  remarked — viz.:  a  tendency  of  the  inflammation  to  be 
circumscribed  instead  of  general.  For  this  reason  it  is  also  known  as  retinitis 
with  exudative  spots  (Galezowski),  but  these  may  exist  at  the  same  time  with 
considerable  general  edema  of  the  retina. 

Symptoms. — The  ophthalmoscopic  ])icture  is  such  as  has  been  described 
under  Serous  Retinitis,  varied  only  by  the  local  edemas  which  are  common 
in  addition  to  the  diffuse  exudation.  This,  as  before  stated,  obscures  the 
whole  fundus  more  or  less,  rendering  indistinct  the  outline  of  the  disk  and 
the  course  of  the  arteries  and  veins,  which  are  veiled  by  lines  of  grayish 
opacity.  The  papilla  is  discolored,  and  has  been  compared  to  a  yellowish-red 
oval  seen  through  a  covering  of  fog  (Plate  5,  Fig.  I.). 

The  subjective  symptoms  are  also  the  same  as  those  of  simple  retinitis. 
The  "mist"  before  the  eyes  thickens  slowly,  and  usually  steadily.  While 
there  is  no  decided  pain  in  the  eyes,  photophobia  is  sometimes  present,  and 
photopsies  and  scintillations  are  common.    Indeed,  some  authors  consider  the 


414 


DISEASES  OF  THE  RETINA. 


last-named  symptoms  as  regular  accompaniments  of  the  serous  form  of  syph- 
ilitic retinitis.  Irregular  and  concentric  contraction  of  the  visual  field,  as- 
well  as  various  forms  of  scotomas,  are  commonly  to  be  observed. 

Date  of  Occurrence. — Diffuse  syphilitic  retinitis  may  occur  in  congenital 
and  acquired  syphilis.  In  the  ac(piired  form  of  the  disease  it  appears  from 
one  to  two  years  after  infection,  sometimes  as  early  as  the  sixth  month,  and, 
according  to  Alexander,  is  found  in  about  8  i)er  cent.  t)f  the  ])atients.  One 
eye  alone  may  be  atlected,  but  usually  the  second  eye  is  also  involved. 

Diagnosis. — There  is  no  appearance  or  symptom  diagnostic  of  syphilitic 
retinitis.  The  tendency  to  develop  circumscribed  spots  of  edema,  in  addi- 
tion to  the  diffuse  exudation,  may  perhaps  point  to  syphilis,  but  a  history  of 
the  case  giving  conchisive  evidence  of  the  general  infection  is  the  only 
testimony  on  which  reliance  can  be  placed. 

Prognosis. — This  is  much  more  favorable  than  in  cases  of  retinitis 
arising  from  other  sources. 

Treatment  is  of  course  governed  by  the  cause  ;  for,  although  the  same 
precautions  are  to  be  taken  locally  as  in  serous  retinitis,  much  depends  upon 
the  antisyphilitic  remedies.  Hirschberg  insists  that  it  is  not  safe  to  rely  on 
potassium  iodid,  and  that  mercurials  should  always  be  given,  for  they  probably 
have  a  benelicial  effect  upon  such  forms  of  inflammation,  in  addition  to  their 
specific  action.  The  use  of  tonics  is  also  desirable,  and  every  effort  should 
be  made  to  improve  the  general  condition  of  the  patient. 

Central  relapsing  retinitis,  a  rare  form  of  syphilitic  retinitis,  appear- 
ing in  the  form  of  gray  or  yellow  areas  in  the  macula,  or  as  numerous 
yellowish-white  sjjots  and  pigment-dots,  or  as  a  diffuse  opacity  of  this  region,, 
is  a  late  manifestation  of  syphilis.    Relapses  are  frequent. 

Sympathetic  Retinitis. — Before  leaving  this  group  of  retinal  inflam- 
mations mention  should  be  made  of  that  form  which  accompanies  sympathetic 
iridocyclitis  (Graefe).  While  the  ophthalmoscopic  appearances  and  symp- 
toms of  this  variety  are  virtually  the  same  as  in  other  forms  of  serous 
retinitis,  this  is  specially  important  as  being  sometimes  one  of  the  early 
manifestations  of  approaching  sympathetic  0])hthalmitis.  Its  recognition, 
furnishes  indications  as  to  the  advisability  of  removing  the  eye  first  affected,, 
should  that  question  arise  (see  also  page  348). 

Concussion  of  the  Retina  (Commotio  Rethuv  ;  Edema  of  the  Betina). 
— This  condition  may  follow  injuries  of  almost  any  variety,  but  especially  a 
blow  on  the  eye  from  a  cork,  rubber  ball,  or  other  similar  substance.  It  is 
characterized  by  slight  retinal  changes  and  more  or  less  loss  of  vision. 

The  pathology  of  this  condition  has  not  been  satisfactorily  settled,  for 
in  some  cases  blindness  results  when  the  o])hthalmosco])e  shows  an  almost 
normal  retina,  and  in  others  very  marked  variations  from  the  standard  of 
health  seem  compatible  with  good  vision.  Whatever  other  effects  may  be 
produced  by  the  injury,  it  is  certain  that  after  the  blow — Mhich  is  not  neces- 
sarily directly  on  the  eye — there  often  appear  small  points  of  edematous 
exudation  in  the  retina,  or  these  may  coalesce,  and  the  typical  cloudy 
exudation  seen  in  serous  retinitis  may  cover  a  considerable  area  of  the 
fundus. 

Corresponding  to  this  or  extending  beyond  it  is  a  scotoma,  more  or  less 
well  marked.  Such  an  exudation  can  be  seen  best  a  day  or  two  after  the 
injury,  but  ordinarily  it  soon  begins  to  absorb,  and,  though  it  may  disap- 
pear entirely,  the  blindness,  partial  or  total,  may  persist.  Decided  retino- 
choroiditis,  the  result  of  concussion,  may  occur.  These  cases  are  often  of 
interest  from  a  medico-legal  point  of  view,  and  when  malingering  is  suspected 
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the  tests  for  detecting  that  must  be  made  with  imusiial  care.  An  im- 
portant complication  in  these  cases  is  the  devehjpment  of  transitory  astig- 
matism. 

The  treatment  locally  is  similar  to  that  for  edema  of  tlie  retina.  Stress- 
is  laid  on  the  good  effect  of  long-continued  mydriasis  (see  also  page  364). 

Parenchymatous  Retinitis  {Udin'diH  ^Ferirascidaris). — In  the  serous 
type  of  retinal  inflammation,  as  already  stated,  hyperemia  and  edema  are 
present,  but  little  or  no  further  structural  change.  When,  however,  there  is 
hyperplasia,  and  when  the  deeper  parts  of  the  membrane  become  affected,  the 
condition  is  generally  called  p(ii-e)ichi/)natou.s  inflammation.  It  will  be  seen 
at  once  that  in  some  respects  this  is  like  the  type  just  mentioned,  except  that 
this  process  is  more  advanced. 

Etiology. — The  causes  are  sometimes  easily  traced,  especially  when  de- 
pendent upon  albuminuria,  intracranial  disorders,  or  certain  general  diseases,, 
but  at  other  times  they  are  difficult  to  determine. 

Pathology. — The  same  changes  occur  as  in  the  serous  variety — namely, 
hyperemia  with  edema,  but  the  latter  is  frequently  wanting,  and  there  develops 
instead  an  infiltration  of  cells  or  metamorphosis  of  the  connective  tissue.  This 
infiltration  takes  place,  by  preference,  in  the  inner  granular  or  in  the  inter- 
granular  layer  (Arlt).  At  the  same  time  alterations  occur  in  the  walls  of  the 
capillaries.  It  has  not  yet  been  clearly  established  which  is  cause  and  which 
is  effect ;  and  from  the  fact  that  the  Avails  of  the  vessels  so  often  undergo 
degeneration,  this  form  of  retinitis  has  also  been  called  retinitis  perivascularis 
(I  wan  off"). 

After  these  early  stages  there  residts — (1)  an  entire  absorption  of  the 
inflamtnatory  process;  or  (2)  partial  absorption  with  partial  destruction 
(namely,  partial  atrophy  of  the  retina)  ;  or  (3)  a  total  atrophy — i.  e.  the  retinal 
elements  ])ass  into  a  form  of  cicatricial  tissue,  and  other  alterations  go  on  in 
the  nerve-tissues. 

Ophthalmoscopic  Appearances. — The  vitreous  being  free  from  exuda- 
tions, and  edema  usually  being  absent,  the  features  of  the  fundus  are  distinct. 
The  increased  amount  of  blood  causes  the  arteries  to  appear  full,  often  tortu- 
ous, and  the  terminal  branches  extended,  while  the  optic  nerves  take  on  a 
reddish  hue.  The  veins  give  similar  evidence  of  the  hyj)eremia,  and  occa- 
sionally, as  an  accompaniment  of  such  a  distention  of  both  arteries  and  veins, 
extravasations  into  adjacent  tissues  occur. 

This  is  especially  true  in  certain  forms  of  retinitis  of  nephritic  origin.  In 
these  cases  the  hemorrhages  extend  into  neighboring  parts  of  the  retina  as 
small  reddish  points.  Where  the  vessel  gives  way  through  a  considerable 
portion  of  its  extent  there  results  a  linear  extravasation.  This  form  has 
been  described  as  a  separate  kind  of  retinitis,  called  hemorrhagic  retinitis. 
In  fact,  there  is  an  endless  variety  in  the  position,  form,  and  extent  of  these 
hemorrhages,  so  common  in  some  types  of  retinitis. 

Subjective  Symptoms. — These  are  similar  to  those  described  in  con- 
nection with  serous  retinitis.  The  same  diminution  of  vision  is  always 
present,  but  in  a  much  more  marked  degree.  When  the  parenchymatous 
inflammation  is  general  there  may  be  total  blindness,  or,  if  it  is  circumscribed, 
there  is  a  well-marked  scotoma  in  the  corres]>onding  portion  of  the  field. 

Distortion  of  objects  or  similar  visual  disturbance  is  unusual,  the  retinal 
changes  being  too  deep  and  extensive,  but  photopsies  and  scintillations  are 
not  unconmion.  With  this  form  of  retinitis  also  there  is  no  pain.  Indeed, 
the  advance  of  the  disease  is  so  entirely  free  from  this  symptom  that  when 
the  inflammation  affects  only  one  eye  the  patient  sometimes  discovers  the 
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blindness  by  chance,  or  often  not  until  the  same  process  in  the  other  eye 
makes  him  aware  of  his  condition. 

Diag-nosis.— A  distinction  between  this  and  the  serous  form  of  retinitis  is 
not  difficult  in  typical  cases,  but  there  are  intermediate  stages  in  which  it  is 
unwise  to  decide  with  certainty.  Indeed,  it  is  possible  to  see  the  serous  and 
parenchymatous  type  of  inHainmation  present  in  the  same  retina  at  the  same 
time. 

Prognosis. — This  is  grave.  Absorption  does  occur,  and  in  certain  in- 
stances normal  vision  returns,  but  this  is  very  rare,  except  in  the  retinitis  of 
pregnancy.  In  the  large  majority  of  cases  the  cell- infiltration  is  followed 
by  connective-tissue  changes,  with  subsequent  atrophy,  the  vessels  appearing 
later  as  whitish  threads. 

Treatment. — Locally  this  is  the  same  as  that  already  advised  for  serous 
retinitis.  The  general  treatment  depends  on  the  systemic  condition  which  is 
producing  the  disease. 

Nephritic  retinitis  is  a  generic  term  including  retinitis  albuminurica 
and  certain  other  forms  of  retinal  changes  accompanying  diseases  of  the  kid- 
neys. These  have  been  grouped  under  a  single  term,  because  they  are  the 
result  of  disease  of  the  kidney,  because  the  ophthalmoscopic  appearances  are 
similar  and  the  pathological  anatomy  is  in  some  respects  identical.  Diabetic 
retinitis  is  sometimes  described  under  the  same  generic  term,  but  inappro- 
priately, as  it  is  not  the  result  of  renal  disease.  For  a  clearer  understanding 
of  the  subject  it  is  better  to  consider  each  of  these  varieties  in  order. 

Albuminuric  Retinitis  {Retinitis  Gravidarum;  Renal  Retinitis; 
Retinitis  of  BrigMs  Disease). — This  form  of  retinitis  is  characterized  by 
imperfect  vision,  by  definite  ophthalmoscopic  changes — among  which  those 
in  the  region  of  the  macula  are  most  noticeable — and  by  certain  alterations 
in  the  structure  of  the  membrane. 

Etiology. — Even  before  Helmholtz  gave  us  the  ophthalmoscope.  Bright, 
Landouzy,  and  others  had  called  attention  to  the  frequency  with  which  so- 
called  amaurosis  accompanied  albuminuria.  It  remained  for  later  observers, 
however,  to  determine  more  exactly  the  dependence  of  one  upon  the  other — a 
relationship  which  has  been  frequently  and  carefully  studied. 

If  this  disease  is  the  result  of  albuminuria,  the  question  naturally  arises, 
Why  do  so  few  albuminuric  patients  complain  of  imperfect  vision?  The 
failure  of  vision  usually  escapes  observation,  because  there  is  seldom  or  never 
any  pain  in  the  eyes,  and,  as  the  macula  itself  is  often  the  last  to  be  aflPected, 
the  actual  condition  of  the  retina  is  neglected,  attention  being  directed  to 
other  symptoms.  But  ophthalmoscopic  examination  of  a  large  number  of 
albuminuric  patients,  whether  complaining  of  imperfect  vision  or  not,  indi- 
cates that  the  retina  is  affected  in  as  many  as  one-fifth  (Lecorche)  or  one- 
third  of  them  (Galezowski).  Indeed,  it  may  happen,  exceptionally,  that  the 
retinitis  shows  itself  in  a  typical  form  before  it  is  possible  to  detect  albumin 
in  the  urine  (Dixon,  Abadie),  as  was  illustrated  also  by  a  case  reported  by 
the  writer.^ 

Although  chronic  granular  kidney  is  the  usual  cause  of  albuminuric  ret- 
initis, it  also  occurs  with  large  white  kidney  and  lardaceous  disease.  But  atten- 
tion should  be  directed  specially  to  the  albuminuria  of  pregnancy  as  a  very 
frequent  and  im])ortant  etiological  factor.  The  relation  between  the  two  is  as 
uncertain  in  this  variety  of  the  disease  as  in  tiie  former,  but  without  doubt  a 
considerable  proportion  of  pregnant  women  who  have  albuminuria  suffer  also 
from  the  form  of  retinitis  under  consideration.   Moreover,  it  is  well  known  that 

»  Trans.  Med.  Soc.  Slate  of  New  York,  1893. 
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patients  afflicted  in  this  way  during  one  gestation  are  apt  to  have  a  recurrence 
of  the  same  symptoms  when  ])regnant  again.  The  fact  that  the  retinitis  may 
result  in  partial  or  total  loss  of  vision,  which  can  last  permanently,  even  though 
the  cause  be  temporary,  indicates  the  importance  of  tliis  })hase  of  the  subject. 
It  will  be  referred  to  again  when  the  question  of  treatment  is  considered. 

Symptoms  and  Pathology. — The  pathology  can  be  studied  to  best  advan- 
tage by  first  noting  the  symptoms  and  the  ophthalmoscopic  changes  upon  which 
these  depend.  It  should  be  remembered,  however,  that  the  process  is  essen- 
tially a  })arenchymatous  inflammation.  The  increased  vascularity  to  be 
described  later  tends  to  result  in  hemorrhages,  and  while  edema  is  slight  and 
the  vitreous  clear,  there  is  iiyperplasia  in  the  deeper  layers  or  fatty  degenera- 
tion of  cells  into  those  portions.  Even  a  sclerosis  of  the  nerve-fibers  may 
also  occur  in  spots  (Miiller). 

The  only  local  symptom  of  which  the  patient  complains  is  imperfect 
vision.  Sometimes  this  begins  gradually  and  increases  slowly  ;  sometimes 
the  onset  is  sudden  and  the  advance  rapid.  The  amount  of  inconvenience 
does  not  correspond  necessarily  to  the  extent  of  the  retinitis,  but  rather  to 
the  degree  in  which  the  macula  lutea  is  involved.  Sometimes  only  the 
macula  itself  remains  intact,  and  tlie  patients  are  surprised  to  find  that, 
although  the  central  vision  is  practically  normal,  they  are  otherwise  blind. 
The  impairment  of  vision,  like  the  retinal  changes,  is  usually  about  the  same 
in  each  eye  ;  but  unilateral  albnminuric  retiiiitis  is  not  a  rarity.  The  lesions 
may,  exceptionally,  remain  monolateral  till  death.  More  commonly  a  mono- 
lateral  case  is  converted  after  a  time  into  the  ordinary  bilateral  variety. 

The  ophthalmoscopic  appsc  .  ranees  of  retinitis  albuminurica  are — 

(1)  Fatty  deposits,  more  or  less  numerous,  in  the  posterior  segment  of  the 
retina.  These  white  or  yellowish-white  plaques  are  usually  well-defined, 
although  the  edges  shade  off  gradually  into  the  natural  color  of  the  retina. 
They  may  be  limited  to  the  vicinity  of  the  macula  from  which  they  radiate, 
or  may  cover  most  of  the  posterior  pole  of  the  eye,  according  to  the  extent 
to  which  the  retina  is  involved.  Sometimes  these  spots  of  exudation  are 
exceedingly  small,  with  edges  so  sharply  defined  as  to  look  like  minute  white 
dots.  In  nearly  every  case  of  retinitis  albuminurica  a  group  of  these  dots 
can  be  seen  more  or  less  conq^letely  surrounding  the  macida.  In  that 
vicinity  their  arrangement  and  form  are  so  characteristic  as  to  present  a 
picture  quite  diagnostic  of  this  disease.  In  the  macula  itself  there  is  often 
a  white  spot,  and  almost  invariably  radiating  from  that  point  are  numerous 
thin  dashes  of  nearly  glistening  white  which  stream  off  in  different  direc- 
tions, this  aj)pearance  being  due  to  the  arrangement  of  retinal  fibers 
(Schweigger).  The  lesion  is  sufficiently  peculiar  to  be  easily  recognized 
when  once  seen  (Plate  5,  Fig.  II.).  If  the  average  physician  appreciated 
how  readily  this  picture  of  retinitis  could  be  detected,  it  is  probable  that 
the  ophthalmoscope  would  be  used  much  more  frequently.  Such  spots 
about  the  macula  may  persist  long  after  every  other  trace  of  the  disease 
has  subsided.  This  is  especially  the  case  in  the  albuminuric  retinitis  of 
pregnancy. 

(2)  The  retinal  hemorrhar/es  which  accompany  albuminuric  retinitis  are 
peculiar.  They  are  linear  and  flame-shaped,  and  they  extend  along  the 
arteries,  which  are  perhaps  obliterated  in  parts,  the  extravasations  being 
due  primarily  to  changes  in  the  walls  of  the  vessels.  Round,  dotted,  and 
sheet-like  hemorrhages  may  also  occur. 

(3)  Next  to  the  alterations  in  the  retina  itself,  those  which  involve  the 
optic  nerve  should  be  mentioned.    As  would  naturally  be  inferred,  the  edges 
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of  tlie  nerve  become  indistinct  ;  it  is  often  swollen,  piislied  into  the  vitreous, 
api)arently,  or  streaked  with  diverging  vessels;  in  a  word,  it  presents  the 
picture  of  neuritis  or  papillitiK. 

The  foregoing  is  a  description  of  a  typical  case,  though  of  course  each 
stage  of  its  develoj)nient  can  seldom  be  seen.  Many  variations  occur.  The 
disease  may  be  characterized  by  small  white  spots,  associated  with  compara- 
tively inconspicuous  hemorrhages  in  the  fiber-layer — the  so-called  degenerative 
type  ;  or  it  nui\-  manifest  itself  as  a  violent  neuro-retinitis,  with  extensive 
hemorrhagic  extravasations — the  so-called  inflammatory  type.  Sometimes 
comparatively  small  dots  in  the  macula  and  single  small  hemorrhages  may 
be  the  signs  of  renal  retinitis. 

Diagnosis. — This  is  not  diflicult  in  ty[)ical  cases.  To  recapitulate,  the 
chief  signs  are — (1)  Im])erfect  vision  in  both  eyes,  either  central,  or  with 
contracted  field,  or  with  scotoma.  (2)  Fatty  deposits  in  the  retina,  especially 
in  the  vicinity  of  the  macula.  (3)  Retinal  hemorrhages,  striated  in  form. 
(4)  Secondary  neuritis. 

Prog-nosis. — This  depends  upon  the  variety  and  extent  of  the  lesion  in 
the  kidney.  It  is  comparatively  good  when  the  amount  of  albumin  is  slight 
or  variable,  as  occurs  in  the  milder  forms  of  typical  Bright's  disease  or  fre- 
quently in  the  last  stages  of  pregnancy.'  The  question  becomes  more  serious, 
however,  when  the  renal  changes  are  extensive.  Then  the  retina  becomes 
more  and  more  involved  as  the  kidneys  become  disorganized,  and  the  slowly 
but  steadily  increasing  darkness  foretells  the  fatal  end.  While  the  albumi- 
nuric retinitis  of  pregnancy  usually  ends  with  gestation  or  soon  after,  the 
prognosis  in  certain  instances  is  grave  in  the  extreme,  for  with  vision  greatly 
impaired,  or  perhaps  lost,  tiie  patient  may  still  live  on  for  years. 

Treatment. — Locally,  there  is  little  or  nothing  to  be  done.  It  is  well  to 
protect  the  eyes  from  bright  light  by  means  of  colored  glasses,  and  to  abstain 
from  prolonged  cflPorts  at  accommodation,  but  with  these  instructions  to  the 
patient  the  therapy  of  the  ophthalmologist  ends.  After  that  he  may  Match 
with  interest  the  progress  of  the  retinitis  ;  he  may  prescribe  iron,  alone  or 
with  bichlorid  of  mercury,  advise  steam  baths,  etc.  ;  but  the  important  part 
of  the  treatment  belongs  rather  to  the  province  of  the  physician  or,  in  certain 
cases,  to  the  obstetrician. 

When  this  retinitis  occurs  in  a  pregnant  woman  another  and  very  im- 
portant question  arises  :  that  is,  whether  premature  labor  or  even  abortion 
may  not  be  induced  if  by  that  means  it  is  probable  that  the  vision,  and  per- 
haps the  life,  of  the  patient  can  be  saved.  In  the  space  here  available  it 
is  impossible  to  give  even  the  principal  arguments  for  or  against  such  a  pro- 
cedure. Suffice  it  to  say  that  in  certain  rare  instances  this  procedure  is  per- 
missible when  the  complaint  or  relapse  appears  in  the  earlier  months,  or  when 
the  history  of  former  pregnancies  shows  a  tendency  to  severe  attacks  of  albu- 
minuric retinitis. 

'  The  prognosis,  so  far  as  life  is  concerned,  is  always  grave  in  renal  retinitis,  cases  occur- 
ring with  pregnancy  being  excepted.  The  very  presence  of  retinal  lesions  indicates  either 
serious  renal  disease  or  decided  general  arterio-sclerosis,  which  is  its  constant  associate. 

The  following  statistics  bear  upon  the  duration  of  life  after  the  development  of  albuminuric 
retinitis:  In  C.  S.  Bull's  examination  of  103  cases,  57,  or  more  than  50  per  cent.,  died  within  the 
first  year;  exceptionally,  cases  lived  five  or  even  seven  years  after  the  retinal  disease  had  ap- 
peared. According  to  Possaner,  patients  in  good  social  position  and  hygienic  surroundings 
succumb  less  rapidly  than  those  who  are  not  so  favorably  placed. 

E.  O.  Belt's  statistics,  gathered  from  various  sources,  are  as  follows  :  Cases  in  private  prac- 
tice, 155.  Of  these  62  per  cent,  died  within  one  year,  85  per  cent,  in  two  vears,  and  14  per  cent, 
lived  more  than  two  years.  Cases  in  hospital  practice,  75.  Of  these  85  per  cent,  died  within  one 
year,  93  per  cent,  within  two  years,  and  6  per  cent,  lived  for  more  than  two  years. 
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Diabetic  Retinitis. — Another  variety  of  retinitis  is  that  known  as 
retinith  diabetica  or  glycosiiric  retinitis.  In  the  typical  form  it  occurs, 
as  a  rule,  only  with  diabetes  mellitiis,  but  it  has  also  been  known  to  be 
caused  by  diabetes  insipidus  (Bowman,  Bader,  Hansell).  It  occurs  late 
in  the  disease,  when  other  serious  complications  may  be  present — e.  g. 
gangrene. 

Pathology. — This  is  not  well  understood.  As  the  vessels  are  probably 
atfected  primarily  in  all  these  forms  of  retinitis  by  a  form  of  perivascu- 
litis, this  produces,  directly  or  indirectly,  most  of  the  changes  in  the  retina 
which  characterize  the  disease.  The  pathological  anatomy,  as  shown  by  the 
few  sections  thus  far  made,  does  not  differ  greatly  from  tliat  of  albuminuric 
retinitis.  There  are  similar  deposits  of  fatty  degeneration,  similarly  situated 
with  respect  to  the  layers  of  the  retina,  but  they  are  in  general  small,  the 
edges  are  well  marked,  and  especially  is  it  to  be  noted  tliat  they  are  not 
grouped  about  the  macula  in  the  manner  so  distinctive  of  albuminuric  retini- 
tis.   As  for  hemorrhages,  these  are  small,  if  existing  at  all.' 

The  secondary  neuritis  is  either  lacking  or  atrophy  begins  very  early,  the 
latter  condition  being  apparently  a  feature  of  the  pathological  picture. 

Symptoms. — These  are  similar  to  those  of  albuminuric  retinitis — viz. 
imperfect  central  vision  with  contraction  of  the  field — and  the  ophthalmo- 
scopic appearances  also  resemble  those  of  the  latter  disease  very  greatly ; 
indeed,  they  are  in  many  respects  identical,  except  that  the  hemorrhages  are 
less  in  size,  and,  as  before  remarked,  there  are  few  or  none  of  the  peculiar 
white  radiating  spots  about  the  macula. 

Diagnosis  and  Prognosis. — The  appearances  above  mentioned  may  be 
sufficient  to  render  it  possible  to  separate  this  from  other  varieties  of  nephritic 
retinitis,  irrespective  of  tests  for  sugar.    The  prognosis  is  grave. 

Treatment. — As  diabetes  is  counted  among  diseases  difficult  to  treat  suc- 
cessfully, reliance  must  be  placed  on  proper  diet.  Nothing  can  be  accom- 
plished by  local  treatment.  The  general  precautions  mentioned  under  serous 
or  parenchymatous  retinitis  should  be  observed. 

I/eukemic  retinitis  belongs  to  this  group  of  inflammations,  and  is 
almost  exclusively  caused  by  splenic  leukocythemia.  Both  eyes  are  affected. 
Leukocytes  not  only  invade  every  portion  of  the  retinal  tissue,  but  opaque 
deposits,  sometimes  fringed  with  a  reddish  border,  are  seen  extending  from 
the  macula  to  the  equator.  These  have  been  found  by  Leber  to  consist 
almost  entirely  of  lymph  corpuscles. 

The  color  of  the  vessels  in  the  retina  is  also  peculiar.  The  arteries  are 
small,  pink,  or  even  yellowish,  the  veins  large,  broad,  and  rose-red,  and  the 
retinal  tissue  pale  yellow.  Considerable  swelling  of  the  papilla  is  usually 
present,  and  occasionally  spots  develop  near  the  macula  similar  to  those 
found  in  albuminuric  retinitis.  The  symptoms  are  those  of  parenchymatous 
retinitis. 

Diagnosis  is  usually  easy ;  exceptionally,  however,  there  is  difficulty 
in  distinguishing  this  disease  from  albuminuric  retinitis,  but  a  count  of  the 
blood-corpuscles  of  course  determines  the  cause.  In  place  of  the  typical 
appearances  there  may  be  a  diffuse  opacity  of  the  retina. 

There  is  no  treatment  except  to  protect  the  eyes  and  improve  the  general 
condition,  if  possible. 

Syphilitic  Chorio -retinitis. — Syphilis,  as  before  stated,  tends  to  show 
itself  first  in  the  uvea,  and  the  retina  is  probably  affected  later ;  or  else 
inflammation  develops  simultaneously  in  the  retina  and  choroid.  Indeed, 

'  According  to  Hirschberg,  there  is  an  exudative  as  well  as  a  hemorrhagic  form. 
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sometimes  in  the  same  i)erson  a  serous  retinitis  may  be  found  in  one  eye  and 
a  chorio-retinitis  in  tiie  otiier,  or  the  two  diseases  may  exist  in  the  same  eye. 
It  occurs  from  six  months  to  two  years  after  primary  infection. 

The  pathological  anatomy  combines  the  features  of  perliaps  the  serous, 
or  always  of  the  parenchymatous  retinitis,  or  of  both,  with  those  of  a  cho- 
roiditis. 

Symptoms. — In  pure  cliorio-retinitis  of  certain  types  the  vitreous  is  clear, 
and  tile  usual  absence  of  mai'ked  edema  renders  the  details  of  the  retina  dis- 
tinct. In  this  class  of  cases  retinal  hyperemia,  and  often  liemorrhages,  are 
found,  ov  a  neuro-retinitis.  But  tlie  most  characteristic  ap]iearances  are  sj^ots 
of  exudation  of  various  size  and  irregularly  distributed.  When  tliese  first 
appear  they  may  hv  like  spots  of  edema — whitish  or  elevated  ;  later  more  or 
less  ('onn)lete  atrophy  of  the  retina  takes  ])lace,  and  there  results  a  dark  or 
black  area  showing  the  choroid  w  ith  corresponding  distinctness.  These  spots, 
when  small,  are  similar  to  those  seen  in  retinitis  pigmentosa.  If  the  choroid 
also  undergoes  atrophy,  white  spots  (the  sclerotic),  fringed  with  the  black 
cells  of  the  choroid,  are  visible.  Should  an  artery  or  vein  happen  to  cross 
such  a  spot,  the  vessel  can  be  easily  distinguished  in  the  early  stage,  but 
later  its  outlines  become  indistinct ;  it  is  cut  off,  and  atrophies  there  with 
the  surrounding  tissue  (Plate  5,  Fig.  III.). 

In  other  varieties  of  syphilitic  chorio-retinitis  in  the  early  stages  there  is 
diffuse  punctate  opacity  {JiyaUt'is  punctata)  of  the  vitreous,  especially  in  its 
posterior  layers,  and  marked  edema  of  the  peripapillary  retinal  layer.  Occa- 
sionally the  iris  and  posterior  layers  of  the  cornea  partici])ate  in  the  inflam- 
mation. Later  the  ophthalmoscopic  changes  are  similar  to  those  described 
in  the  preceding  paragraph  (see  also  page  353). 

The  subjective  symptoms  are  analogous  to  those  of  other  types  of  ret- 
initis— lessening  of  central  vision,  contraction  of  the  visual  field,  scotomas, 
diminished  light-sense,  and  sometimes  night-blindness.  Photopsies,  microp- 
sia, and  megalopsia  are  present. 

Treatment. — This  consists  in  the  use  of  mercurials  internally  or  by 
inunction,  and  the  administration  of  potassium  iodid.  The  eyes  should  be 
protected,  and  occasionally  the  artificial  leech  is  advisable. 

Hemorrhagic  Retinitis  is  often  described  as  a  separate  disease,  but 
really  it  is  only  a  form  occasionally  assumed  by  inflammations  of  the  serous 
type,  but  most  frequently  by  those  of  the  parenchymatous  type.  For  the 
latter  reason  it  is  mentioned  in  this  connection.  Again,  variously  shaped 
hemorrhages  may  a])pear  in  the  retina  and  occasion  sufficient  irritation  in 
surrounding  fibers  to  create  a  retinitis. 

Etiology. — The  hemorrhages  may  be  dependent  upon  syphilis,  and  in 
that  case  the  walls  of  the  vessels  are  altered  (endarteritis,  formation  of 
thrombi),  so  that  the  hemorrhages,  often  small  and  fine,  stream  off,  as  it 
were,  in  irregular  lines  from  the  region  of  the  nerve. 

Most  frequently,  however,  the  hemorrhages  are  found  with  nephritic 
retinitis  and  with  other  types  of  retinitis  dependent  upon  constitutional 
diseases.  Then  they  are  rather  linear  in  form,  but  often  large  and  irregularly 
distributed.  Hemorrhagic  retinitis  may  also  accompany  cardiac  disease, 
general  arterial  sclerosis,  suppressed  menstruation,  and  the  climacteric. 

Hemorrhages  into  the  retina  without  signs  of  retinitis  {apoplexy  of 
the  retina)  may  be  the  result  of  senile  changes  in  the  walls  of  the  vessels. 
Then  the  extravasations  are  aj)t  to  be  large,  irregular,  and  to  appear  even 
from  the  first,  of  a  darker  hue  than  that  otherwise  seen.  The  region  of  the 
macula  is  liable  to  be  the  seat  of  such  extravasations  as  the  arrangement  of 
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Fig.  I. — Syjiliilitic  retinitis  fscrous  type). 

Fig.  II. — Alhuiiiiiuiric  retinitis  (paroncliyniatous  type). 

Fig.  III.— Syphilitic  chorioretinitis,  late  stage,  following  hemorrhagic  retiuochoroiditis 
(de  Schwcinitz). 

Fid.  IV. — Subliyaloid  lieniorrhage  in  the  macular  region. 
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the  fibers  in  this  locality  predisposes  to  them.  When  they  occur  there  they 
produce  an  irregular  blotch  or  oval,  usually  with  the  longer  diameter  vertical, 
and  a  corrcspondiug-  central  scotoma.  Hemorrhages  of  large  dimensions  and 
drop-like  form  usually  mean  an  extravasation  between  the  internal  limiting 
membrane  of  the  retina  and  the  hyaloid  membrane  of  the  vitreous.  Recent 
investigations  by  J.  Herbert  Fisher  indicate  that  the  blood  is  poured  out 
froui  a  retinal  vessel — probablv  a  minute  arterv — and  detaches  the  internal 
limiting  membrane  trom  the  retinal  layers,  accumulating  in  the  space  thus 
tormed.  These  are  the  so-called  sabhi/a/okJ  liemorrliages,  wliicdi  occur  at  the 
yellow  spot  more  than  at  other  parts  of  the  fundus  (Plate  5,  Fig.  IV.). 

Although  many  of  the  causes  of  retinal  hemorrhage  have  been  enumer- 
ated, a  summary  based  upon  Dinnner's  classification  may  be  added  : 

(«)  Hemorrhages  caused  by  changes  in  the  composition  of  the  blood  and 
the  tissues  of  the  blood-vessel  walls  :  Pyemia,  septicemia,  ulcerating  endo- 
carditis;  diseases  of  the  liver,  spleen,  kidney,  and  atheroma  of  the  vessels; 
loss  of  blood  (menorrliagia,  hematemesis),  anemia  (simple  and  pernicious), 
hemophilia,  purpura,  and  scurvy  ;  diabetes  and  gout ;  malaria  and  recurrent 
fever. 

(6)  Hemorrhages  caused  by  disturbances  in  the  circulation  :  Hypertrophy 
of  the  heart  and  stenosis  of  the  valves ;  thrombosis  of  the  central  vein  of 
the  retina  and  embolism  of  the  central  artery ;  suffocation,  compression  of 
the  carotid,  hemorrhages  in  the  newly-born  ;  and  menstrual  disturbances. 

(c)  Hemorrhages  caused  by  sudden  reduction  of  the  intraocular  tension 
— e.g.  after  iridectomy  in  glaucoma  and  by  traumatism  :  Among  the  latter 
may  be  classed  retinal  hemorrhages  after  large  cutaneous  burns. 

Pathology. — A  perivascu/itis  or  fatty  degeneration  of  the  walls  of  the 
retinal  vessel,  produced  by  the  general  or  local  disturbance,  permits  rup- 
ture of  the  artery  or  vein  and  consequent  extravasation.  Sometimes  the 
hemorrhage  is  caused  by  diapedesis  of  blood-corpuscles.  In  some  cases  the 
hemorrhages  are  superficial,  and  leave  the  retina  healthy,  but  in  other 
instances  atrophy  results  and  a  scotoma  permanently  marks  the  spot.  Hem- 
orrhages may  take  place  in  any  layer  of  the  retina,  and  by  preference 
follow  the  larger  blood-vessels.  Sometimes  they  burst  through  the  limiting 
membrane  and  pass  into  the  vitreous.  The  macula,  as  before  stated,  is  a 
favorite  spot  for  these  lesions.  With  the  hemorrhages  may  be  the  patho- 
logical changes  incident  to  the  various  types  of  serous  and  parenchymatous 
retinitis. 

Prog-nosis. — At  times,  as  already  noted,  superficial  retinal  hemorrhages 
are  absorbed  w^ithout  leaving  permanent  scars  ;  l)ut  if  the  macula  is  attacked, 
the  visual  disturbance  is  apt  to  be  severe  and  lasting.  Not  only  in  this  sense 
is  the  prognosis  unfavorable,  but  the  retinal  hemorrhage,  in  most  instances 
a  sign  of  serious  constitutional  disturbance,  may  be  the  forerunner  of  extrav- 
asations in  vital  centers.  Secondary  changes  in  the  optic  nerve  may  result ; 
sometimes  glaucoma  is  a  consequence  (see  page  384). 

Treatment. — This  should  be  directed  toward  removing  the  cause  w^hen- 
ever  possible  to  determine  it.  Internally,  if  not  otherwise  contraindicated, 
iodid  of  potassium  may  be  given,  ergot,  small  doses  of  pilocarpin,  and 
bichlorid  of  mercury,  according  to  various  indications. 

Macular  retinitis  is  a  term  which,  though  often  used  for  only  one  form 
of  retinal  inflammation  occurring  in  the  macula  lutea,  is  really  more  general 
in  its  application,  and  may  include  several  ty])es  of  inflammatory  retinal 
change  specially  located  in  this  region.  Tlie  details  of  these  alterations  are  not 
yet  clearly  understood,  and  consequently  they  cannot  be  separated  from  each 
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other,  neither  bv  their  op]itlialnK)sco]Mc  features  nor  by  what  we  know^  thus 
far  of  tlieir  patl'ioU^oy  ;  for  it  will  be  renu'Uibered  that  the  appearances  of  the 
macula  lutea  vary  considerably  within  normal  limits. 

Mentit»n  has  already  been  "made  of  the  so-called  "Gunn's  dots,"  and  these 
are  ordinarily  considered  as  non-pathological  variations  of  tlie  macula,  for  the 
reason  that  normal  vision  is  found  when  they  exist.  Very  nearly  allied  to 
them  we  ha\e 

Retinitis  Punctata  Albescens  (Central  Fundafe  Eetinitis). — This 
aftection  is  classed  as  a  patholo<i'ical  condition,  not  so  much  because  it  differs 
materially  in  appearance  from  the  Gunn's  dots,  but  because  central  vision  is 
more  or  less  impaired.  Fuchs  and  Liebrecht  call  attention  to  the  similarity 
which  this  disease  may  bear  to  I'ctinitis  pigmentosa,  in  so  far  that  it  may 
occur  in  children,  affecting-  several  members  of  the  same  family,  and,  more- 
over, in  children  of  blood-relations.  Occasionally  there  are  night-blindness 
and  contraction  of  the  visual  field.  Other  cases  have  been  reported  in  middle- 
aged  patients  with  unchanged  peripheral  fields. 

The  most  prominent  feature  is  a  group  of  fine,  shining  dots  in  the  vicinity 
of  the  macula,  often  extending  toward  tiie  optic  nerve.  Sometimes  the  dots 
are  [)rescnt  in  great  numbers.  A  central  scotoma,  more  or  less  marked,  can 
be  found,  though  often  exact  measurements  are  necessary  to  determine  it ; 
the  peripheral  field  is  unaffected.    Sometimes  vitreous  hemorrhages  occur. 

Niedcn  and  Landesberg  tliink  the  spots  can  be  made  to  disappear  by  the 
administration  of  potassium  iodid  and  mercury,  but  the  real  effect  of  any  treat- 
ment is  uncertain. 

Retinitis  circinata  is  a  term  recently  used  l)y  Fuchs  to  describe  an 
apj)earance  of  the  macula  somewhat  similar  to  that  found  in  albuminui'ic 
retinitis,  A  yellowish-gray  opacity  is  found  in  the  macular  region,  sur- 
rounded at  some  distance  by  a  zone  of  wliite  spots  or  larger  white  ])atches.  It 
is  ])robable  that  this  is  not  an  inflammatory  ])rocess,  and  that  it  is  due  to 
hemorrhages  taking  place  in  this  locality.  Some  writers  regard  these  points 
only  as  accompaniments  of  albuminuric  retinitis  (S[)icer  Holmes),  but  in  a 
typical  case  recently  described  by  Hartridge  no  albumin  could  be  found. 

Solar  Retinitis. — Since  the  sight-j)urp]e  in  the  retina  was  discovered 
by  Boll,  what  before  appeared  a  mysterious  action  of  the  light  n])on  the 
retina  is  better  understood.  When  an  excessive  amount  of  litrht  enters  the 
eye  for  a  considerable  time  the  sight-])urple  is  destroyed  to  such  an  extent 
that  it  is  not  renewed  either  ]H-omptly  or  entirely.  These  changes  in  the 
retina  when  slight  are  not  visible  with  the  ophthalmoscope.  Their  effect  is 
sliown  by  considerable  loss  of  central  vision,  tliougli  this  is  not  necessarily 
comjilete,  and  by  more  or  less  limitation  of  the  visual  fields. 

When,  however,  the  crystalline  lens  has  focussed  the  ravs  from  a  strong 
light,  with  the  accompanying  heat,  U])on  the  retina — as,  for  exam])le,  when 
an  eye  has  been  directed  toward  tlie  sun — the  changes  produced  in  the  vellow 
spot  are  not  only  more  lasting,  but  they  can  often  be  seen  with  the  ophthal- 
moscope. This  has  occurred  particularly  during  observations  of  an  eclipse 
of  the  sun,  or  the  effect  of  such  strong  light  has  been  shown  by  experiments 
on  animals.  A  distinct  exudation  in  the  form  of  small  spots  of  retino- 
choroiditis  can  be  seen  in  the  vicinity  of  the  macula,  and,  although  these 
appearances  gradually  subside,  a  central  scotoma  may  persist,  which  indicates 
that  the  alterations  in  the  retina  were  extensive. 

The  pathological  changes  are  not  clearly  understood,  but  they  are  proba- 
bly more  nearly  allied  to  the  parenchymatous  type  of  inflammation  than  to 
any  other. 
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No  treatment  has  been  found  of  value  in  even  lessening  the  size  of  the 
scotoma,  although  the  protection  and  rest  of  the  eye  are  indicated. 

Symmetrical  Changes  at  the  Macula  I<utea  in  Infancy. — This 
peculiar  and  rare  condition  was  first  described  bv  W'aren  Tay,  the  clinical 
apj^earance  being  in  every  way  similar  to  that  which  exists  in  cases  of 
embolism  of  the  central  artery.  The  cherry-red  color  of  the  macula,  in 
the  center  of  a  grayish-white  zone  about  the  size  of  the  })apilla,  is  here,  as 
in  embolism,  a  very  marked  feature  of  the  ophthalmoscopic  picture. 

The  condition  of  the  patient  is  always  peculiar,  the  mental  and  physical 
condition  being  decidedly  below  the  normal.  It  is  not  certain  what  gives 
rise  to  this  appearance  of  the  retina,  although  tiie  changes  are  ])r()bably  in 
the  deeper  layers,  and  examinatious  after  death  show  a  degeneration  of  the 
spinal  cord  and  the  pyramidal  cells  of  the  cortex.  The  disease  is  always 
fatal,  death  occurring  in  from  one  to  two  years.  In  most  of  the  cases  reported 
the  children  were  of  Hebrew  parentage.' 

Suppurative  Retinitis  {Purulent  Retinitis ;  Embolic  Retinitis). — This 
usually  occurs  in  connection  with  severe  inflammation  of  the  choroid,  but  in 
rare  instances  the  ])rocess  can  be  noticed  beginning  in  the  retina  before  the 
vitreous  has  become  cloudy. 

Etiolog-y. — It  may  be  caused  by  injury  (V'.  (/.  foreign  body),  but  the 
typical  forms  are  due  to  cerebro-spinal  meningitis  or  to  septic  or  ])uerj)eral 
conditions.  It  is  also  known  to  exist  with  a  gouty  or  rheumatic  diathesis. 
In  souie  cases  it  is  not  easy  to  understand  how  infection  oceurs ;  but  it  is  also 
beyond  (piestion  that  bacteria  may  be  transported  from  other  parts  of  the 
body  into  the  circulation,  and,  finding  lodgement  in  the  retina,  give  rise  to  a 
purulent  inflammation. 

Symptoms. — It  uiay  happen  that  imperfect  vision  first  attracts  the  atten- 
tion of  the  ])atient,  but  ordinarily  the  iris  or  choroid  has  previously  become 
involved,  giving  rise  to  ciliary  injectiou,  pain,  etc.,  the  decrease  in  the  field 
of  vision  or  in  the  more  important  central  vision  residting  from  the  general 
inflanmiation.  The  disease  is  often  limited  to  one  eye.  An  ophthalmoscopic 
examination  shows  changes  in  the  retina  only  in  the  early  stages.  These 
are  exudations  and  hemorrhages  which  usually  extend  into  the  vitreous,  the 
latter  soon  becoming  so  turbid  as  to  obscure  the  details  of  the  fundus. 

The  diag-nosis  is  easily  made  on  account  of  the  acute  symptoms,  or  when 
these  are  absent  the  apj)earanee  of  the  fundus  is  sufficiently  characteristic. 

The  prog-nosis  is  extnmiely  unfavorable.  After  suppurative  retinitis  is 
well  established  cure  is  impossible.  Occasionally  the  more  acute  symptoms 
will  subside,  but  the  retina  is  always  left  thickened,  more  or  less  detached, 
and  shrinks  finally  into  a  band  of  connective  tissue. 

Treatment. — This  is  similar  to  that  emj)loyed  for  an  iritis  or  an  irido- 
choroiditis.  It  is  anti[)hl()gistic.  Atropin  is  of  undoubted  benefit  in  solu- 
tions strong  enough  and  used  often  enough  to  keep  the  pu])il  dilated.  Pr<v 
tection  of  the  eye  from  light  gives  comfort,  and  the  use  of  cold  applications 
is  necessary.  When  it  is  ])ossible  to  redu(^e  the  temperature  of  the  globe, 
it  is  probable  that  the  develo])ment  of  the  microbes  is  either  temporarily  or 
permanently  arrested.  In  making  cold  applications  to  the  eye  they  should 
be  used  only  for  a  few  minutes  at  a  time,  and  care  should  be  taken  that  the 
cloth  or  gutta-percha  bag  or  coil  is  not  kept  on  the  globe  long  enough  to 
become  warm. 

Attempts  have  been  made  recently  to  carry  out  the  principles  of  anti- 

'  For  a  summary  of  the  literature  of  this  unusual  disease  consult  an  article  by  Roller  in 
the  Transactions  of  the  American  Ophihalmological  Society,  1896,  vol.  vii.,  Part  iii.,  p.  661. 
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sepsis  in  the  treatment  of  these  suppurative  eonditions.  We  know  tliat 
sublimate  sohitions  may  be  injeeted  under  the  eonjunctiva  witli  but  little 
ineonvenience,  and  efiibrts  have  been  made  to  extend  tiie  same  plan  of  treat- 
ment to  inflannnation  of  the  choroid  or  retina.  Thus  far,  the  method  lias 
met  with  inditVerent  success,  but  it  is  probable  that  intraocular  injedlonf<,  in 
some  form,  will  prove  of  value,  and,  theoretically,  they  give  promise  of  a 
brilliant  future  (see  also  page  400). 

RETINAL  SCLEROSES. 

Thus  far,  the  forms  of  retinitis  which  are  more  or  less  of  an  inflammatory 
nature  have  been  considered.  In  addition  to  tliese,  however,  there  are  path- 
oloi^ical  changes  which  take  ])lace  in  the  i-etina,  not  associated  with  any  of 
the  cardinal  signs  of  inflammation,  but  which  can  be  recognized  by  the 
ophthalmoscope,  and  which  are  characterized  by  certain  symptoms.  Tliey 
are  usually  described  as  forms  of  retinitis,  although  it  is  a  question  whether 
that  term  should  be  applied  to  them.  It  is  therefore  better  to  class  them 
together  as  forms  retinal  sde rosin.  In  this  group  we  have  retinitifi  pigmen- 
fom  of  the  typical  variety  and  of  the  variety  with  little  or  no  pigment,  and 
with  these  may  also  be  classed  the  so-called  i-efinitis  prolifcrans. 

Pigmented  Sclerosis  of  the  Retina  (Retinitis  Pigmentosa ;  Pig- 
mentor  1/ Degeneration  of  the  Retina;  Pigmented  Retina  and  Choroiditis. — 
The  term  retinitis  pigmentosa  is  usually  applied  to  an  affection  characterized 
by  deposits  of  pigment  in  the  retina  of  more  or  less  peculiar  form  and  loca- 
tion, the  appearance  being  accompanied  by  certain  definite  symptoms. 

As  this  term  is  ordinarily  used,  without  qualification,  it  probably 
includes  two  and  perhaps  three  diseases.  The  study  of  a  large  number  of 
these  cases  shows  that  the  retinas  vary  much  from  ea(!h  other,  and  also  that, 
while  there  is  a  certain  type  of  symptoms  to  be  expected,  these  are  by  no 
means  always  constantly  present.  As  for  the  pigment,  this  not  only  varies 
in  form  and  in  the  abundance  with  which  it  is  found,  but  in  some  cases, 
where  the  subjective  symptoms  are  particularly  well  marked,  the  pigmenta- 
tion is  absent  entirely.  In  defining  retinitis  pigmentosa,  therefore,  we  must 
consider  that  this  is  simply  the  name  of  a  group  of  pathological  processes 
nearly  allied  to  each  other,  the  exact  nature  of  which  is  still  unknown. 

Etiology. — The  etiology  of  the  disease  is  also  obscure.  It  was  formerly 
considered  that  consanguiniti/  was  the  most  important  element  in  its  produc- 
tion, and  the  evidence  undoubtedly  shows  that  it  is  a  factor  in  the  causation 
of  certain  varieties.  But  it  is  probable  that  the  importance  of  this  has  been 
overestimated,  while  that  of  hereditary  syphilis  and  some  other  conditions 
has  been  overlooked.  It  is  markedly  hereditary.  The  affection  has  been 
found  among  deaf-mutes,  idiots,  and  epileptics.  The  disease  is  either  con- 
genital or  begins  in  childhood. 

Patholog-y. — In  considering  the  ])athology  of  retinitis  pigmentosa  it  is 
proper  to  describe  the  morbid  ])rocess  which  goes  on  in  a  typical  case,  but  it 
is  equally  necessary  to  remember  that  this  process  is  liable  to  many  varia- 
tions. It  consists,  in  general — (1)  Of  a  ]>r()liferation  of  the  connective- 
tissue  cells  which  form  part  of  the  su])]K)rting  structure  of  the  retina;  (2) 
a  sclerosis  in  the  walls  of  the  vessels,  and  consequently  a  contraction  of  their 
diameters;  (3)  atrophy  of  the  nerve-elements,  with  the  destruction  of  the 
rods  and  cones  ;  (4)  usually  pigmentary  degeneration,  taking  on  certain  shapes 
which  will  be  referred  to  later. 

Symptoms. — The  symptoms  and  the  ophthalmoscopic  appearances  of 
retinitis  pigmentosa  are — 
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[a)  Nigld-blindncss. — Tliis  symptom  is  the  one  which  ordinarily  first 
attracts  attention  to  the  disease,  although  it  is  seldom  noticeable  until  the 
ophthalmoscope  shows  changes  in  the  retina  already  well  advanced. 

(/>)  Diminution  of  the  Central  M.sion. — This  is  almost  invariably  present, 
although  occasionally  good  visual  acuity  remains  for  a  long  time.  Sometimes 


2/0 

Fig.  258.— Visual  field  in  retinitis  pigmentosa. 


it  is  associated  with  a  true  myopia,  but  more  frequently  the  myopia  is  only 
apparent ;  for  the  patient  approaches  close  to  objects  in  order  to  obtain  as 
large  a  retinal  image  as  possible. 

(c)  Contraction  of  tJte  Visual  Field. — In  typical  cases  this  contraction  is 
peculiar,  because  the  concentric  restriction  occurs  w^ith  almost  perfect  regu- 


FiG.  259.— Pigmentary  degeneration  of  the  retina  (Jaeger). 


larity  (Fig.  258).  The  contraction  may  be  extreme,  only  a  small  central 
area  of  the  field  remaining.    It  is,  however,  liable  to  many  variations. 

(d)  Occasional  Color-blindness. — Failure  to  recognize  red  and  green  is 
the  usual  variety  of  this  defect. 

Ophthalmoscopic  examination  reveals  the  pigment,  especially  along  the 
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lines  of  the  vessels,  and  always  more  abuiidant  in  the  periphery  than  near 
the  center  of  the  retina.  The  temporal  side  of  the  fnndus  is  generally  more 
affected  than  tlic  nasal  side.  The  pigment-masses  assume  an  appearance 
resembling  bone-corpiiscles,  and  by  the  frequent  union  of  their  processes 
simulate  the  Haversian  canals.  This  results  in  a  picture  so  peculiar  as  to  be 
easily  recognized  when  once  it  has  been  seen  (Fig.  259). 

The  })apilla  is  usually  yellowish-gray  in  color,  with  only  slight  mixing 
of  red,  and,  as  Jjcbcn-  has  noticed,  it  sometimes  has  a  glistening,  tendon-like 
whiteness,  such  as  is  seen  in  extraocular  atr()j)hy.  The  lamina  cribrosa  is 
also  more  or  less  covered,  and  the  whole  papilla  is,  in  general,  smaller  than 
is  ordinarily  the  rule.  The  vessels  are  greatly  contracted  and  their  number 
is  diminished.  Often  their  walls  contain  wliite  patches  or  are  edged  with 
white  lines.  The  general  fundus  is  freijuently  wainscotted  on  account  of  the 
absorption  of  the  retinal  pigmented  epithelium.  J\)sterior  jiolar  cataract 
may  be  a  comj^lication.    Opacities  in  the  vitreous  are  rare. 

Diagnosis. — This  is  usually  easy.  The  symptom  of  myopia  might  lead 
one  to  suspect  this  defect  of  vision  at  first,  but  in  the  typical  forms  it  is  only 
necessary  to  examine  the  periphery  of  the  retina,  when  the  peculiar  star-like 
pigment-dots  which  characterize  the  disease  become  apparent.  The  diagnosis 
is  fiu'ther  confirmed  by  the  presence  of  the  other  symptoms  detailed,  especially 
the  night-bliudness.  The  disease  is  distinguished  from  disseminated  choroid- 
itis by  the  difference  in  the  pigmentation.  There  is  some  resemblance  between 
this  affection  and  certain  types  of  syphilitic  retino-choroiditis  ;  but  in  the 
latter  the  pigment-spots  are  not  of  characteristic  form,  they  do  not  follow 
the  blood-vessels,  and  vitreous  opacities  are  usually  present.  Pigmentary 
degeneration  of  the  retina  is  alwavs  bilateral. 

Prog-nosis. — The  disease  invariably  progresses  from  bad  to  worse.  In  cer- 
tain cases  it  remains  at  an  apparent  standstill  for  many  years,  but  gradually 
new  spots  appear,  nearer  and  nearer  the  center  of  the  retina  and  associated  with 
a  corresponding  contraction  in  the  field.  The  night-blindness  becomes  more 
annoying,  and  by  the  time  middle  life  is  reached  or  old  age  a])proaches  a  large 
proportion  of  the  sufferers  cannot  find  their  way  about  without  assistance. 

Treatment. — Thus  far,  this  has  been  equally  unsuccessful  in  all  forms. 
It  is  true  that  the  subcutaneous  injection  of  strychnin  seems  to  retard  the 
disease  in  some  cases,  and  reports  of  the  good  effect  of  electricity,  in  the  form 
of  galvanism,  have  appeared,  but,  nevertheless,  the  treatment  maybe  summed 
up  by  saying  there  is  noii(>  thus  far  to  be  relied  upon. 

Non-pigmented  Sclerosis  of  the  Retina  {Retinifis  r;(/mc,ifom 
Atypica;  Pigmented  Retinitis  without  Charaderktic  Pigment). — This  form 
has  been  referred  to  when  considering  the  typical  disease,  and  the  differences 
between  the  varieties  have  been  noticed.  While  it  may  occur  in  extreme 
cases,  as  before  stated,  that  all  the  subjective  sym]itoms  of  retinitis  pig- 
mentosa are  present,  with  no  pigment,  so  also  are  there  various  degrees 
between  these  two  extremes  in  which  the  ophthalmoscopic  picture  agrees 
more  or  less  completely  with  what  might  be  expected  from  the  symptoms. 

The  pathological  proces.'^  in  these  atypical  forms  is  not  difficult  to  under- 
stand. The  disease  apj^arently  ])asses  through  three  of  the  stages  described 
when  considering  tho  usual  form,  but  the  last  is  omitted — little  or  no  pig- 
mentary degeneration  takes  place.  This  is  the  only  essential  difference  in  the 
two  forms,  the  clinical  history,  course,  and  prognosis  being  the  same.^ 

^  Ciould  (Anmth  of  Ophthalmology,  vi.,  1897)  thinks  these  cases,  which  may  be  designated 
non-pigmented  retinal  atrophy,  are  more  numerous  than  is  suspected.  In  his  paper  the  lit- 
erature is  reviewed. 
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Other  atypical  varieties  have  been  described  :  massing  of  the  pigment  in 
the  macuhir  region  and  corresponding  central  scotoma ;  irregular  distribution 
of  the  pigment,  associated  with  clear,  shining  spots  lying  beneatli  the  vessels  ; 
and  pigment  degeneration  accompanied  with  broad  peripheral  zones  of  cho- 
roidal atrophy.  In  rare  instances  the  disease  is  complicated  with  chronic 
glaucoma. 

Retinitis  Proliferans. — This  disease,  like  retinitis  pigmentosa,  is  not  a 
true  inflannnation  of  the  retina,  but  has  been  considered  by  Manz  to  rep- 
resent a  proliferation  of  the  connective  tissue  of  that  membrane.  Indeed, 
there  is  a  pn)liferation  of  Midler's  fibers  and  a  formation  of  new  connec- 
tive tissue  among  them.  It  presents  itself  as  feathery,  bluish-white  expan- 
sions of  tissue,  often  extending  from  tlie  retina  into  tlic  vitreous.  These 
bands  may  occur  in  any  portion  of  the  fimdus,  and  may  follow  tlie  course  of 
the  vessels,  but  they  are  usually  situated  near  tlie  optic  nerve,  and  bend  about 
it  in  more  or  less  concentric  curves  (Denig).  New-formed  blood-vessels  occa- 
sionally lie  above  the  masses.    Vision  is  usually  seriously  disturbed. 

The  cause  of  the  affection  is  not  well  known  ;  sypliilis  and  trauma- 
tism are  etiological  factors.  Leber  attributes  tiie  formation  of  these  masses 
to  repeated  liemorrhages  in  the  vitreous  or  retina.  As  a  complicating  cir- 
cumstance there  may  be  detachment  of  the  retina.  Tlie  ophthalmoscopic 
appearance  is  striking.  In  one  case  of  retinitis  albuminurica  which  the  writer 
has  observed  these  bands  of  connective  tissue  almost  encircled  the  entrance 
of  the  nerve,  and,  curving  thence  toward  the  macula,  presented  a  highly 


Fig.  2()0.— Angioid  streaks  in  the  retina  (from  a  case  under  the  care  of  Dr.  de  Schvveinitz). 

characteri.stic  picture.  As  far  as  known,  they  continue  unchanged  in  spite 
of  all  treatment.^ 

Angioid  Streaks  in  the  Retina  (Retinal  Pigment  Stria;). — Pigment 

^  For  an  excellent  account  of  retinitis  proliferans  consult  an  article  by  Weeks,  Trans. 
Amer.  Ophth.  Soc,  viii.,  1897,  p.  158. 
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stride,  tlie  result  of  tlie  inetaniorpliosis  of  retinal  hemorrhages,  dilFused,  ac- 
cording to  Ward  Hdlden,  in  a  linear  manner  through  the  deep  layers  of  this 
membrane,  present  a  striking  ophtlialmosco])ie  picture,  resembling,  in  many 
res])c'ets,  a  system  of  obliterated  vessels.  Dark,  reddish-brown,  somewhat 
granular  bands  or  strite,  lying  beneath  the  retinal  vessels,  often  in  the  neigh- 
Iboriiood  of  the  disk,  ext(nKl  over  a  considerable  area  of  the  fundus.  Their 
direct  connection  with  hemorrhages  has  been  demonstrated  by  Plange,  Knapp, 
Holden,  and  de  Schweinitz  (Fig.  260). 

Retinitis  Striata.— This  name  was  proposed  by  Xagel  to  describe  an 
affection  originally  [)icturc(l  by  Jaeger,  and  characterized  by  light  or  yellowish- 
white  stripes,  often  branched,  lying  beneath  the  retinal  vessels.  The  stripes 
extend  from  the  periphery  toward  the  disk.  They  may  be  bordered  by  lines 
of  ])igment.  The  etiology  of  the  strijies  is  unknown,  but,  like  the  angioid 
streaks,  they  j)robably  have  their  origin  in  the  metamorphosis  of  retinal 
hemorrhages  (Holden).  L.  Cas])ar  contends  that  all  retinal  striations — or, 
as  he  calls  the  affection,  chorio-retinitis  striata — represent  the  final  stages  of 
spontaneously  cured  detachments  of  the  retina. 

Detachment  or  Separation  of  the  Retina  (Ablatio  sh-e  Amotio 
Retina^. — This  consists  in  a  separation  of  the  choroid  from  the  retina,  caus- 
ing the  latter  to  float  in  the  vitreous. 

Etiology. — The  causes  of  detachment  of  the  retina  may  be — 

1.  Stretching  of  the  sclerotic  and  choroid.  To  this  can  be  attributed  the 
greatest  number  of  cases.  It  occurs  in  high  degrees  of  myopia  {malignant 
myopia).  The  retina  is  attached  only  loosely  to  the  choroid,  and  firmly  about 
the  optic  nerve  and  near  the  ciliary  processes.  As  the  globe  increases  in  size, 
the  sclerotic  and  choroid,  each  being  somewhat  elastic,  are  stretched  more  and 
more,  until  the  circumference  of  the  retina  becomes  less  than  the  space  which 
it  should  fill,  and  there  is,  consequently,  separation  of  the  retina  from  the 
adjacent  choroid  throughout  a  part  or  the  whole  of  its  extent. 

2.  The  retina  may  be  pushed  from  the  choroid  into  the  vitreous.  This 
may  be  due  to  {a)  a  solid  substance,  as  a  tumor  or  cysticercus  ;  or  (6)  a  fluid, 
such  as  an  exudation  from  the  choroid.  It  is  possible  that  a  serous  inflam- 
mation of  the  choroid  is,  in  many  cases,  a  cause  of  the  retinal  detachment. 
Hemorrhages  in  the  choroid  would,  of  course,  produce  the  same  result,  this 
occurring,  for  example,  in  operations  for  glaucoma  or  as  the  result  of  injury. 

3.  The  retina  may  be  drawn  away  from  the  choroid  into  the  vitreous. 
Leber  and  Nordenson  hold  that  the  changes  commence  primarily  in  the 
vicinity  of  the  ciliary  body.  A  fibrillary  degeneration  of  the  vitreous  com- 
mences, and  as  that  humor  shrinks  the  retina  is  gradually  drawn  away  from 
the  choroid.  Rupture  of  the  retina  occurs,  and  the  fluid  from  the  vitreous 
passes  beneath  it  through  the  opening.  Detachments  of  the  retina  of  a  simi- 
lar kind  may  also  occur  when,  from  injury  or  operation,  there  has  been  any 
considerable  loss  of  the  vitreous  humor. 

Retinal  detachment  is  more  frequent  in  men  than  in  women. 

Symptoms  and  Pathology. — The  morbid  conditions  vary  according  to  the 
causes  above  mentioned.  Where  the  membrane  has  been  pushed  away  and 
still  rests  on  a  solid  base,  as,  for  example,  on  a  sarcoma  of  the  choroid,  it  is 
immovable,  still  retains  more  or  less  of  its  normal  color,  and  in  parts  may 
be  found  to  be  more  vascular  than  usual.  Ordinarily,  however,  there  is 
fluid  behind  the  retina,  and  it  floats  in  a  fluid  vitreous.  Then  it  has  lost  its 
usual  color,  and,  although  the  vessels  retain  their  place  with  regard  to  the 
retina,  both  may  float  together,  moving  with  the  motions  of  the  globe.  As 
the  retinal  vessels  rise  over  the  separated  portion,  they  first  lose  the  light 
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Fig.  261.— Detachment  of  the  retina. 


streak,  and  finally  appear  as  dark,  tortuons  cords,  and  are  apparently  smaller 
than  normal.  The  border  of  the  detachment  is  usually  sharply  marked  from 
the  normal  fundus,  and  may  be  accentuated  by  a  yellowish  or  even  pigmented 
line.  The  fluid  tends  to  gravitate  toward  the  lower  portion  of  the  globe,  and 
even  if  the  detachment,  which  may  be  partial  or  vomp/ctc,  occurs  originally 
at  the  side  or  above,  the  fluid  finds  its  way  between  the  retina  and  choroid, 
usually  to  the  lower  ])ortion  of  the  eye.  Sometimes  the  detachments  are 
quite  small,  like  a  series  of  furrows ; 
at  other  times  an  almost  circular  sepa- 
ration occurs. 

Important  changes  also  take  place 
in  the  tissue  of  the  retina  itself 
(Klebs).  As  the  rods  and  cones  are 
macerated  by  the  fluid  in  which  they 
float  they  become  swollen,  entirely 
losing  their  original  structure  and  con- 
sequently their  function.  The  bearing 
of  these  facts  on  attempts  to  replace 
the  retina  is  evident. 

The  ophthalmoscopic  picture  of  ex- 
tensive retinal  detachment  is  one  which 
cannot  be  mistaken  for  anvthino;  else. 
With  the  upright  image  the  observer 
sees  the  grayish-white  fold  waving  as 
the  eye  moves  in  various  directions, 
and  in  the  undulations  the  branches 

of  the  vessels  are  brought  into  view.  The  inverted  image  gives  a  general 
view  of  the  condition,  and  often  the  whole  or  most  of  the  detached  area 
is  brought  into  the  field  at  once,  showing  still  better  the  arrangement  of 
the  retinal  vessels.    They  spread  over  the  surface  of  the  floating  retina, 

sometimes  appearing  on  the  surface 
or  again  depressed  beneath  it,  where 
it  mav  be  covered  with  a  whitish 
cloud,  probal)ly  due  to  local  extrava- 
sation of  the  subretinal  fluid.  The 
other  portions  of  the  retina  are  often 
almost  normal,  although  the  ])apilla 
may  appear  more  congested  than 
usual  (Fig.  261). 

fStihjectivc  Symptoms. — (1)  Im- 
perfection of  the  Vimial  Field. — 
When  the  detachment  occurs  sud- 
denly— for  example,  immediately 
following  some  strain  or  effort  of 
the  individual — he  notices  what  he 
calls  a  dark  cloud  or  mist,  which 
he  may  try  to  ])ush  away.  This,  of 
course,  is  the  scotoma  corresponding 
to  the  detachment.  Wherever  the 
detachment  occurs  there  is  corre- 
sponding loss  of  vision,  and  consequently  the  field  assumes  every  possible 
variety  of  form  (Fig.  262  ;  see  also  Figs."  287  and  288). 

2.  3Ietamorphopsia.— This  is  not  of  the  slight  degree  found  in  serous 


Fig.  262.— Visual  field  in  detachment  of  the  retina. 
The  shading  indicates  where  vision  was  lost. 
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retinitis,  but  is  so  great  as  to  cause  the  lines  of  a  page  to  be  zigzag  or  the 
letters  to  be  se})arate(l  widely  from  each  other. 

3.  l)(/t<chromatopsia  is  also' present,  and  the  difficulty  in  recognizing  colors 
is  noted  even  in  parts  of  the  field  apparently  unaffected. 

Scintilk(tioii><  or  phoap/icncs  cannot  be  produced  by  pressure  on  the  eyeball 
over  the  separated  retina. 

Other  alterations  are  not  infrequent  with  detached  retina ;  opacities  may 
a])])ear  in  the  vitreous  humor,  and  with  these  or  independently  of  them  iritis, 
irido-choroiditis,  or  cataract. 

Diagnosis. — Extensive  detachment,  as  before  stated,  is  easily  recognized, 
both  because  of  the  clearness  of  the  ophthalmoscopic  picture  and  from  the 
subjective  symptoms.  If  the  vitreous  is  filled  with  opacities  and  obscures 
the  details  of  the  fundus,  an  examination  of  the  visual  field  gives  diagnostic 
proof.  The  difference  between  a  retina  separated  by  fluid  or  by  a  solid 
growth — e.  g.  a  tumor — has  been  pointed  out. 

Course  and  Prognosis, — Usually  the  detachment  extends  more  and  more, 
and  the  portions  of  the  retina  which  at  first  remained  compai-atively  healthy 
either  become  detached  or  undergo  pathological  changes.  In  certain  rare 
instances,  however,  the  fluid  is  absorbed,  and  the  retina  is  reapplied  to  the 
choroid  with  a  corresponding  improvement  in  the  vision.  It  is  not  at  all 
certain  under  what  circumstances  such  an  improvement  occurs. 

Treatment. — Inasmuch  as  many  of  the  cases  of  improvement  have 
occurred  when  the  patient  was  in  a  recumbent  position  for  a  considerable 
time  because  of  illness  or  for  other  reasons,  the  plan  of  treatment  usually 
advised  first  is  rest  in  bed  for  days  or  even  weeks.  This  is  much  easier  to 
prescribe  than  to  accomplish.  Various  other  plans  have  therefore  been  sug- 
gested, which  have  for  their  object — 

(a)  Absorption  of  the  fluid  by  medication.  This  includes  the  adminis- 
tration of  laxatives,  salicylate  of  sodium,  iodid  of  potassium,  the  hypodermic 
use  of  ])ilocarpin,  mercurial  inunctions,  etc. 

(b)  Absorption  of  the  fluid  or  coagulation  by  eledroh/sis.  Attempts  have 
been  made  by  Wray  and  others  to  produce  absorption  of  the  subretinal  fluid 
by  means  of  the  electric  current.  Clavelier  recommends  a  strength  of  five 
milliamperes  continued  one  minute,  and  many  excellent  results  have  followed 
this  method.  More  testimony  is  necessary,  however,  before  definite  opinions 
can  be  formed  as  to  the  relative  value  of  this  agent. 

(c)  Removal  of  the  fluid  by  operation.  Again,  numerous  attempts  have 
been  made  to  give  exit  to  the  subretinal  fluid,  with  the  hope  that  as  the 
retina  came  in  contact  with  the  choroid  it  would  be  reap]ilied  and  resume  its 
function.  But  whether  that  fluid  was  drawn  away  with  a  syringe  or  allowed 
to  escape  through  a  puncture  in  the  sclerotic,  the  results  have  been  f  )r  the  most 
part  unsatisfactory.  Equally  unreliable  has  been  the  plan  suggested  by  de 
Wecker  of  passing  a  gold  wire  through  the  sclerotic  and  keeping  up  a  con- 
stant drainage.  Closely  allied  to  this  plan  of  treatment  is  that  recommended 
long  ago  by  von  Graefe.  In  this  method  two  needles  are  passed  through  the 
sclerotic,  and,  transfixing  the  retina  as  is  done  with  the  lens  in  laceration  of 
the  capsule,  an  opening  is  thus  made  in  the  detached  membrane,  the  sub- 
retinal fluid  being  allowed  to  escape  into  the  vitreous.  Although  this  is  one 
of  the  oldest  methods,  it  still  gives  as  good  results  as  any  other.  Deutsch- 
mann  has  recently  recommended  division  of  the  retina  and  vitreous  humor 
all  strands  between  the  retina  and  the  shrinking  vitreous  being  thoroughly 
separated.  He  has  also  assisted  his  laceration-operation  by  transplanting  the 
vitreous  humor  of  a  rabbit  into  the  aflected  eye.    Finally,  attempts  have 
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been  made  to  set  up  an  inflammation  which  by  exudation  should  bring 
the  separated  membranes  together.  For  this  purpose  iodin  solution  has 
been  injected  beneath  the  retina  (Schoeler's  method),  but  the  reaction  is  so 
great  that  the  plan  is  only  mentioned  to  be  condemned.  Charles  kStedman 
Bull's  conclusion  in  regard  to  treatment  is  that  no  better  means  for  dealing 
with  retinal  detachment  has  been  devised  than  rest  on  the  back  in  bed, 
atropin,  a  l)andage,  and  the  administration  of  some  drug  which  may  induce 
absorption  of  the  subretinal  fluid. 

Glioma  of  the  Retina. — This  growth  is  fully  described  in  the  section 
on  AEorbid  Intraocular  (Jrowths,  on  page  494. 

Subretinal  Cysticercus. — This  is  occasionally  met  with,  especially  in 
Germany,  but  is  practically  unknown  in  America.  When  the  entozoon  is 
thus  lodged  beneath  the  retina,  it  develops  there,  pushes  out  into  the  vitreous, 
and  the  different  stages  of  its  growth  can  be  easily  studied  with  the  assistance 
of  the  ophthalmoscope.  These  parasites  have  been  removed  with  compara- 
tively little  injury  to  the  eye  or  detriment  to  vision. 
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In  this  section  it  is  not  ]>roposed  to  discnss  the  affections  commonly 
classed  as  amblyopias  or  amauroses,  although  in  many  of  them  the  optic 
nerve  is  primarily  or  secondarily  affected  :  they  w'lW  be  considered  in  another 
article  (page  457),  as  will  also  many  of  the  congenital  peculiarities  of  the 
optic  disk  (pages  191-195). 

Hyperemia  of  the  Optic  Nerve. — A  congestion  of  the  optic  nerve  can 
only  be  diagnosed  with  any  a]i]ir()ach  to  accuracy  when  the  intraocular  end 
of  the  papilla  is  involved  ;  and  tiie  color  of  the  normal  papilla  is  subject  to 
such  wide  variation  in  different  individuals  that  a  positive  diagnosis  of  hy- 
peremia, even  where  it  is  strongly  suspected,  is  frequently  difficult,  unless 
the  papilla  has  been  previously  examined  under  normal  conditions  or  unless 
the  nerve  in  question  can  be  compared  with  that  of  the  other  side.  It  shows 
itself  in  a  deepening  of  the  normal,  slightly  rosy  tint  of  the  papilla,  the 
larger  vessels  remaining  unchanged,  or,  at  most,  the  veins  showing  enlarge- 
ment. Its  diagnosis  is  chiefly  of  value  as  a  premonition  of  approaching 
inflammation  or  of  inflammation  already  existing  farther  back  in  the  nerve. 
It  also  occurs  in  many  cases  of  choroiditis  or  with  inflannnation  or  irritation 
of  the  iris,  cornea,  or  ciliary  body.  Where,  in  addition  to  a  decided  con- 
gestion, the  outlines  of  the  papilla  become  at  all  indistinct,  it  is  preferable  to 
speak  of  slight  or  incipient  optic  neuritis. 

Optic  Neuritis.  —  Where  an  inflammation  of  the  optic  nerve  is  plainly 
revealed  by  the  o{)iithalmosco])e,  it  is  connnonly  called  papillitis,  although  in 
many  cases  the  retro-ocular  portion  of  the  nerve  is  also  involved,  sometimes 
verv  extensivelv. 

Where  from  the  severity  of  the  disturbance  of  vision  in  comparison  with 
the  negative  or  slightly  pronounced  character  of  the  ophthalmoscopic  symp- 
toms an  inflammation  of  the  nerves  between  the  eye  and  the  chia.sm  is  diag- 
nosed, the  condition  is  termed  rdro-bvlhar  ncio-itis. 

Papillitis,  or  Intraocular  Optic  Neuritis.— Soon  after  the  invention 
of  the  ophthalmoscope  permitted  intraocular  lesions  to  be  studied  during  life, 
v.  Graefe  was  led  to  divide  inflammations  of  the  optic  disk  into  two  classes  : 
papillitis  from  stasis  (Stammc/sjmpille),  commonly  called  choked  disk,  which 
he  supposed  to  be  due  to  edema  and  hyperemia  of  the  disk  from  increased 
intracranial  pressure  ;  and  desccndiiu/  neuritis,  sometimes  known  as  simple 
optic  neuritis,  in  which  he  believed  that  the  inflammation  spread  down  the 
nerve-trunk  from  the  intracranial  lesion.  The  experience  of  subsequent  vears 
has  shown  that  the  lines  between  these  two  forms  cannot  be  drawn  sharply, 
either  from  a  pathological  or  an  etiological  standpoint,  although  for  practical 
purposes  the  distinction  is  a  useful  one. 

Objective  Symptoms. — In  its  pronounced  form  choked  disk  is  charac- 
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Fig.  I.  — Papillitis  icliokcd  di.sk)  (niodificd  rroin  Ilaiib). 
Fig.  II. — Post-papillitic  atrophy  of  tiic  optic  disk  'niodified  from  llaal)). 
Fm.  III.— Simple  or  amy  atrophy  of  optic  disk  (from  a  ca.sc  of  locomotor  ataxia). 
Fifi.  IV'. — Embolic  atroi)hy  of  the  optic  disk,  with  secondary  retiiiochoroidal  at  rojihic  changes 
(de  Schweinitz). 
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terized  by  entire  obliteration  of  the  outlines  of  the  papilla,  an  elevated  mass 
of  tissue,  marked  on  the  surface  by  radiating  stride  which  fade  oft'  gradually 
into  the  surrounding  retina,  taking  its  place  ;  near  the  center  of  this  the 
larger  retinal  vessels  appear,  the  veins  being  generally  large  and  tortuous, 
while  the  arteries  often  are  ap})arently  reduced  in  size.  On  and  close  beneath 
the  surface  of  the  elevation  may  generally  be  seen  numerous  enlarged  capil- 
lary vessels,  while  on  its  borders  and  in  the  surrounding  retina  small  patches 
of  whitish  exudate  and  }ieinorrhagct<,  often  flame-shaped,  are  not  uncommon. 
Very  rarely  pulsation  of  the  retina/  arteries  has  been  seen  (Plate  6,  Fig.  I.). 

When  the  hemorrhages  and  patches  of  exudate  are  large  and  numerous  in 
proportion  to  the  elevation  of  the  disk,  the  condition  is  more  often  termed 
neuro-retinitis,  and  in  such  cases  opacities  may  develop  in  the  posterior  por- 
tion of  the  vitreous,  sometimes  with  iteirfif-foniied  b/oo({-cesHels;  leading  out  to 
them.  The  height  of  the  elevation,  measured  with  the  ophthalmoscope, 
varies  from  1  D.  to  6  D.  If  it  is  less  than  this,  the  term  choked  disk  hardly 
applies,  and  the  condition  verges  into  that  of  simple  papillitis,  where,  with 
less  complete  obliteration  of  the  borders  of  the  papilla,  with  much  less  strongly 
marked  striation,  hemorrhages  and  exudate  may  occur  even  more  extensively 
than  in  cases  of  pronounced  choked  disk. 

In  some  cases  the  condition  of  choked  disk  may  persist  with  little  change 
for  months  or  even  for  a  year  or  more,  but  sooner  or  later,  if  the  patient 
lives,  the  elevation  recedes ;  the  striation  of  the  tissue  becomes  less  marked ; 
the  hemorrhages  and  exudate,  if  any  existed,  are  absorbed  ;  and  the  outlines 
of  the  papilla  begin  to  show  dimly.  With  the  continuation  of  this  retro- 
gressive process  the  picture  generally  changes  to  that  of  neiiritic  atrophy,  to 
be  described  later  on.  In  some  cases,  however,  where  the  inflammation  has 
not  been  very  severe  nor  prolonged,  the  nerve  may  gradually  assume  an 
almost  normal  aspect. 

Subjective  Symptoms. — While,  in  general,  it  may  be  said  that  in  cases 
of  choked  disk  the  disturbance  of  vision  increases  with  the  evidence  of  stasis 
in  the  papilla,  this  rule  is  subject  to  great  exceptions.  The  vision  of  eyes 
presenting  the  same  ophthalmoscopic  picture  is  found  to  vary  between  the 
normal  and  complete  blindness  ;  occasionally  marked  choked  disk  persists  for 
many  months  without  any  pcrceptil)le  impairment  of  sight.  This  fact  and 
the  fact  that  tiie  sight  may  be  subject  to  sudden  changes  without  any  cor- 
I'csponding  difference  in  the  ophthalmoscopic  picture  suggest  that  much  of 
the  disturbance  of  vision  may  be  due  to  accompanying  retro-hulhar  or  infra- 
cranial  lesions.  The  occurrence  of  normal  vision  with  marked  choked  disk, 
where  the  development  of  the  papillitis  is  not  too  sudden,  may  be  ex])lained, 
as  Leber  suggests,  on  the  ground  thnt  the  nerve-fibers  mny  accustom  them- 
selves to  the  changed  position  and  increased  pressure  without  impairment  of 
function. 

Where,  as  is  common,  the  sight  is  seriously  interfered  with  in  the  course 
of  the  ])apillitis,  there  is  generally  a  gradual  reduction  of  the  central  acuity, 
sometimes  with  a  central  scotoma,  more  often  with  a  contraction  of  the  field 
at  the  periphery,  and  frequently  more  marked  at  the  nasal  side  ;  but  the  mode 
in  which  the  field  of  vision  is  interfered  with  is  subject  to  all  sorts  of  varia- 
tions. The  color-sense  necessarily  suffers  greatly  in  the  severe  cases,  but  if 
the  amblyopia  is  not  extreme  it  may  be  very  little  affected.  Sometimes  with 
marked  peripheric  contraction  of  the  field  for  white  the  color-limits  in  the 
remaining  portion  of  the  field  may  be  normal.  Disturbances  of  the  normal 
relations  of  the  color-limits  may  be  observed — c.  (j.  red  in  certain  areas  may 
be  seen  farther  toward  the  periphery  than  blue. 
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Some  patients  eomplaiii  of  flaslie.s  of  light  and  other  subjective  phenomena 
indicating  irritation  of  the  optic-nerve  fibers. 

A\'ith  the  subsidence  of  the  opiithahiioscopic  symptoms  an  improvement 
of  vision  generally  sets  in,  which  will  be  considered  more  fully  when  treating 
of  the  Prognosis. 

Patholog-y. — Pathologically,  the  distinction  between  cJioked  disk  and  de- 
scendiiKj  or  simple  neuriti.s  is  found  to  be  entirely  arbitrary.  In  some  cases 
in  which,  during  life,  there  was  a  choked  disk,  jjost-iiiortem  examination 
reveals  that  the  intlammation  is  limited  almost  entirely  to  the  intraocular 
part  of  the  nerve,  with  a  distention  of  the  intervaginal  space  by  serous  fluid 
as  almost  the  only  retro-ocular  sym])t()m.  In  others  there  is  marked,  some- 
times purulent,  inflammation  in  tiie  intervaginal  s])a('e  and  the  nerve-shcaths, 
witii  very  little  affection  of  the  nerve  ;  while  in  still  others  the  nerve-trunk 
is  the  seat  of  an  intense  interstitial  inflammation,  and  the  intervagnial  space 
and  outer  sheath  ai'c  normal.  Conversely,  the  o])hthalmoseopic  picture  of 
simple  neuritis  or  neuro-retinitis  may  coexist  with  inflammation  of  the  nerve- 
trunk  or  with  a  normal  nerve-truid':  and  extensive  hijdrops  or  inflammation 
in  the  intervaginal  s]>ace  and  its  walls. 

IMicroscopically,  a  choked  disk  in  the  early  stages  shows  severe  venous 
hyperemia,  with  some  edema,  although  on  account  of  post-mortem  changes 


Fig.  203.— From  a  plioto-micrograph  by  Dr.  .Tames  Wallace  of  a  section  of  a  choked  disk  prepared  by 

i)r.  William  Thomson. 


the  latter  lesion  is  less  marked  than  would  be  expected  from  the  o])hthalmo- 
scopic  appearance  ;  and  a  marked  swelling  of  the  nerve-Hbers.  Later,  the 
tissues  become  inflltrated  with  leukocytes,  and  accumulations  of  these  at 
points  corresponding  to  the  areas  of  whitish  exudate  seen  during  life  are 
found  to  have  undergone  granular  or  f  itty  degeneration.  Fresh  hemorrhages 
are,  of  cour.'^e,  visibh-  as  such,  wiiile  older  ones  are  suggested  by  ])atches  of 
pigment.  Still  later,  tiie  formation  of  new  connective  tissue  becomes  a))])arent, 
especially  along  the  blood-vessels,  the  walls  of  which  are  often  much  thick- 
ened. The  nerve-fibers  atro])hy  to  a  greater  or  less  extent,  their  place  being 
taken  by  granules  and  minute  fat-like  globules,  which  in  their  turn  become 
absorl)ed  (Fig.  263). 

The  changes  in  the  retro-ocular  ])ortion  of  the  nerve-trunk  are  mainly 
those  of  an  interstitial  neuritis,  the  septa  of  connective  ti.ssue  beino-  infiltrated 
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with  leukocytes  and,  later,  thickened  from  new  formation  of  connective  tissue. 
From  the  resulting  pressure,  and  perhaps  from  the  direct  influence  of  the 
ptoma'ms,  the  nerve-fibers,  if  the  jirocess  continues  long,  undergo  degenera- 
tive changes  and  atrophy.  The  degenerative  changes  in  the  nerve-fibers, 
sometimes  described  as  meduUary  neuritis,  are  probably,  as  Alt  suggests, 
merely  secondary  to  interstitial  inflammation  or  to  degeneration  elsewhere. 

Where,  with  the  main  lesion  in  the  nerve-head,  the  signs  of  inflammation 
extend  into  the  nerve-trunk  for  a  short  distance  toward  the  brain,  the  con- 
dition is  termed  ascending  neuritis.  In  such  cases  edema  of  the  nerve-trunk 
has  been  frequently  found.  Besides  the  hydrops  of  the  intervaginal  space, 
which  is  so  common,  optic  pei-iiteuritis  often  occurs  in  the  form  of  more  or 
less  inflammation  of  tlie  opposing  surfaces  of  the  pial  and  dural  sheaths  and 
of  the  arachnoidal  framework  l)etwecn  them.  This  may  be  slight,  or  so 
severe  as  eventually  to  obliterate  the  intervaginal  space  with  a  mass  of  new- 
formed  connective  tissue. 

Etiolog-y, — The  most  frequent  cause  of  typical  choked  disk  is  the  devel- 
opment of  an  intmcranicd  tumor,  some  observers  stating  that  it  occurs  in  95 
per  cent,  of  all  cases  of  such  tumors.  The  nature  of  the  tumor  seems  to  be 
of  very  little  importance  :  it  may  occur  with  any  of  the  neoplasms,  whether 
of  the  brain-substance,  of  the  meninges,  or  of  the  bony  walls,  or  with  gum- 
mata,  tubercles,  cysts  (whether  of  entozoic  or  other  origin),  abscesses,  or  aneur- 
ysms.   Tumors  of  the  cerebellum  are  especially  apt  to  produce  it. 

The  method  in  which  brain-tumors  cause  optic  neuritis  is  a  matter  still 
in  dispute.  Von  Graefe  supposed  that,  owing  to  the  increase  of  intracranial 
pressure,  an  abnormal  amount  of  fluid  was  forced  into  the  intervaginal  sj^ace, 
and  produced  a  stasis  in  the  papilla  Avhich  tended  to  become  exaggerated  on 
account  of  the  unyielding  nature  of  the  walls  of  the  eliannels  through  the 
lamina  cribrosa.  These  acted,  it  was  supposed,  like  the  abdominal  rings  in  a 
case  of  strangulated  hernia,  tlie  pressure,  naturally,  having  a  greater  effect 
upon  the  outflow  through  the  yielding  veins  than  upon  the  inflow  through  the 
stiffer- walled  arteries.  This  theory  received  considerable  support  from  the 
observation  of  JNIanz  and  otliers,  that  in  many  cases  of  brain-tumor  there  act- 
ually existed  a  distention  of  the  intervaginal  space  with  cerebro-spinal  fluid. 

The  other  most  widely  accepted  theory  is  tliat  of  Leber  and  Deutschmann, 
who  hold  that  the  optic  neuritis  in  these  cases  is  not  merely  a  stasis,  but  is  an 
active  inflammation  caused  by  the  passage  of  irritating  substances,  produced 
either  directlv  or  indirectlv  l)v  tlie  tumor,  from  the  cranial  cavitv  down  to  tlie 
nerve-head.  In  favor  of  this  view  it  may  be  said  that,  as  a  rule,  a  certain 
amount  of  meningitis  can  be  demonstrated  in  the  neighborhood  of  most  lirain- 
tumors,  and  that  in  many  cases  no  hydrops  of  the  intervaginal  sjiace  can  be 
found,  but,  on  the  contrary,  a  normal  intervaginal  space  Avith  marked  interstitial 
inflammation  of  the  nerve-trunk.  The  alleged  production  of  the  symptoms 
of  choked  disk  in  animals  by  injections  into  the  cranial  cavity  or  into  the 
vaginal  space  are  not  admitted  as  evidence  by  the  su])porters  of  the  inflam- 
mation-theory, on  the  ground  that  higher  pressures  were  used  than  jirobably 
ever  occur  in  the  human  being.  The  objection  that  typical  choked  disk  is 
seldom  observed  in  cases  of  acute  meningitis  is  met  by  the  suggestion  that 
the  slight  neuritis  which  is  often  observed  does  occasionally  develop  into  a 
choked  disk  if  the  patient  lives  long  enough. 

A  careful  review  of  all  the  available  facts  leads  one  to  believe  that  while, 
in  certain  cases,  the  element  of  intracranial  and  intervaginal  pressure  plays 
an  important  part  in  the  production  of  choked  disk,  in  the  majority  of  cases 
the  latter  depends  upon  an  active  inflammation. 
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Ill  addition,  tliere  .should  be  mentioned  the  theory  of  Parinaud,  who  holds 
that  choked  disk  results  from  an  extension,  through  the  trunk  of  the  optic 
nerve  to  the  ])apilla,  of  the  interstitial  edema  of  the  brain-tissue  which  is  so 
commonly  found  in  intracranial  troubles.  This  edema  of  the  nerve-trunk 
is  also  recognized  by  Ulrich,  but  he  holds  that  its  effects  upon  the  papilla  are 
produced  not  directly,  but  by  compressing  the  central  retinal  vein. 

The  imj^ortance  of  optic  neuritis  as  a  symptom  of  brain-tumor  can  be 
appreciated  from  the  fact  that,  aside  from  its  frequency,  it  is  sometimes  the 
tirst  symptom  to  attract  the  notice  of  the  patient;  in  fact,  the  progress  of  the 
tumor  may  be  so  slow  that,  as  in  a  case  reported  by  Leber,  a  slight  optic 
neuritis  may  even  pass  over  into  atro})hy  without  the  knowledge  of  the 
patient,  years  before  death  occurs.  The  occurrence  of  a  double  choked  disk, 
then,  without  other  grounds  for  its  explanation,  is  always  sufficient  reason 
for  a  strong  suspicion  of  brain-tumor.  As  a  source  of  error  in  such  cases, 
may  be  mentioned  the  unique  case  of  Krohn,  in  which  a  double  optic  neuritis 
was  caused  by  a  small  metastatic  tumor  from  an  ovarian  carcinoma  develop- 
ing in  the  optic  nerve  immediately  behind  each  globe. 

In  rare  cases  the  optic  neuritis  accompanying  brain-tumor  is  one-sided, 
and  may  even  occur  on  the  side  opposite  to  the  growth.  This  is  explained 
by  the  supporters  of  the  pressure  theory  of  choked  disk  on  the  ground  of  a 
localized  meningitis  or  hemorrhage. 

Of  extreme  rarity  also  is  the  occurrence,  in  a  case  of  suspected  brain- 
tumor,  of  a  second  attack  of  papillitis  some  time  after  the  first  has  subsided. 
In  the  case  of  de  Schweinitz  and  A.  Tiiomson  the  neuritis,  headache,  and 
epilepsy  disappeared  after  a  simple  trephining,  but  all  returned  at  the  ex])ira- 
tion  of  a  year. 

With  reference  to  the  diagnosis  of  brain-tumor,  it  should  not  be  forgotten 
that,  occasionally,  a  tumor  may  cause  a  neuro-retinitis  precisely  like  that 
generally  considered  diagnostic  of  albuminuria. 

Discarding  the  distinction  between  choked  disk  and  simple  or  descending 
neuritis,  it  mav  be  said  that  all  tumors  or  inflammations  within  the  cranial 
or  orbital  cavities  may  cause  a  papillitis ;  this  naturally  includes  all  the 
varieties  of  meningitis  and  infectious  thrombosis  of  the  brain-sinuses. 

Optic  neuritis  has  also  been  observed  in  the  greatest  variety  of  infectious 
and  other  general  di.seascs.  It  has  been  most  commonly  noticed  in  the  course 
of  measles,  typhoid  fever,  and  "  la  grippe,"  but  it  has  also  been  mentioned  in 
connection  with  scarlatina,  variola,  malaria,  wh()0])ing-cough,  beri-beri,  pel- 
lagra, typhus,  typhoid  pneumonia,  rheumatism,  diphtheria,  and  myxedema.  In 
some  of  these  cases  the  neuritis  is  undoubtedly  secondary  to  a  nephritis  ;  in 
others,  to  a  meningitis  ;  but  there  is  no  reason  for  supposing  that  some  of  them 
may  not  indicate  an  actual  infection  of  the  trunk  or  intervaginal  s])ace  of  the 
nerve,  while  still  others  may  result  simply  from  the  general  toxemia.  Neur- 
itis also  occurs  with  various  disorders  of  menstruation,  generally  with  a  sud- 
den checking  of  the  flow,  and  with  premature  menopause  and  atrophy  of  the 
uterus.  The  fact  that  in  adults,  as  well  as  children,  hydrocephalus' interniLS 
may  cause  double-sided  neuritis  is  of  importance,  because,  on  account  of  the 
unyielding  character  of  the  skull,  the  diagnosis  is  much  more  difficult  than 
in  children,  and  the  neuritis  might  be  thought  to  confirm  an  erroneous  diao-- 
nosis  of  brain-tumor. 

Optic  neuritis  has  also  been  observed  in  various  marked  deformities  of  the 
skull,  particularly  in  the  high  and  narrow  variety  known  bv  tlie  Germans  as 
"  Tliurmschnder' (to^vor-  or  steeple-skull).  A  post-inortem  examination  in 
one  such  case  (Michel)  shoM  ed  signs  of  pachymeningitis,  with  marked  hyper- 
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ostosis  of  the  skull-boues,  both  optic  fomiuiiiu  being  decidedly  narrowed. 
With  multiple  foci  of  cerebral  soften iiu/  the  nerve  has,  in  the  early  stages, 
been  found  to  be  inflamed,  atrophy  setting  in  later,  though  it  seems  probable 
that  the  hemorrhagic  meningitis  which  often  accompanies  such  cases  is  the 
more  direct  cause  of  the  inflammation  of  the  nerve. 

With  various  other  brain  and  spijud  diseases,  to  be  considered  more  fully 
in  connection  with  atrophy  of  the  nerve,  a  slight  optic  neuritis  has  been  ob- 
served as  a  forerunner  of  the  atrophy. 

Si/philis  may  cause  optic  neuritis,  either  by  attacking  the  nerve  directly 
or  by  producing  a  gumma  in  the  ci'anial  cavity. 

Whether  the  cases  of  neuritis  which  have  been  observed  in  the  puerperal 
state  have  been  due  to  a  (general  infection,  or  whether  thev  are  more  akin  to 
the  cases  which  Valude  and  Bull  have  reported,  in  which  the  ()])tic  nerve  has 
been  attacked  in  several  successive  pregnancies,  apj)arent]y  without  any  kid- 
ney complications,  is  uncertain.  It  is  possible,  also,  that  some  of  the  cases 
which  have  been  described  as  neuritis  during  lactation  may  belong  here, 
although  others  are  more  probably  akin  to  the  neuritis  which  has  been  ob- 
served in  the  course  of  chlorosis.  The  anemia  ])roduced  by  the  too  abundant 
or  too  long-continued  lactation,  as  well  as  that  occurring  in  the  chlorosis, 
produces  neuritis,  probably  through  hemorrhages  resulting  from  malnutrition- 
chanties  in  the  walls  of  the  blood-vessels.  In  other  cases  the  aii'ection  of  the 
optic  nerve  has  seemed  to  be  due  to  a  sudden  checking  of  the  flow  of  milk. 

The  neuritis  which  sometimes  follows  severe  hemorrhages  is  also  j)robably 
due  to  alterations  in  the  blood-vessel  walls,  the  malnutrition  caused  by  the 
extreme  anemia  so  weakening  the  coats  of  the  vessels  that,  when  the  blood- 
■current  begins  to  resume  its  normal  force,  transudations  and  hemorrhages 
occur  which  may  either  give  rise  to  the  picture  of  optic  neuritis  directly,  or 
possibly  indirectly,  through  pressure  in  the  intervaginal  space.  A  striking 
-case  of  this  character  is  that  reported  by  Gessner,  in  which  three  weeks  after 
a  severe  post-partum  hemorrhage  the  vision  suddenly  became  affected,  the 
difficulty  progressing  within  three  days  to  complete  blindness ;  the  ophthal- 
moscope revealed  a  marked  choked  disk  in  each  eye.  This  was  immediately 
followed  by  the  onset  of  an  ascendincj  viife/itis^  which  caused  the  death  of  the 
patient  at  the  end  of  two  weeks. 

A  cause  of  neuritis  which  has  been  insisted  upon  by  Panas  is //onorr/jm, 
though,  in  the  case  which  he  reports,  the  connection  between  the  urethral 
affection  and  the  neuritis  is  less  obvious  than  in  the  more  recent  case  of 
Campbell-Highet.  In  Panas's  case  one  eye  remained  blind,  the  other  being 
scarcely  affected,  while  in  Cam])bell-Highet's  case  the  affection  was  one- 
sided and  ended  in  complete  recovery. 

In  treating  of  the  effects  of  nephritis^  upon  the  eye  the  main  stress  is 
usually  laid  upon  the  retinitis,  though,  so  far  as  the  functional  disturbance  is 
■concerned,  the  optic  neuritis  is  probably  of  greater  im])ortance.  The  retinitis 
is  much  more  apt  to  clear  uj)  without  leaving  permanent  damage,  if  the 
nephritis  is  of  the  curable  variety,  than  is  the  affection  of  the  nerve.  The 
Avriter  has  a  case  on  hand  at  jiresent  in  which  the  retinitis  has  been  cured  for 
months,  while  the  nerves  are  still  far  from  normal.  It  should  be  remem- 
bered, too,  that  nephritis  may  reveal  itself  in  the  eye  by  the  typical  appear- 
ance of  choked  disk  without  any  of  the  ordinary  retinitis  albuminurica.  It  is 
probable  also  that  ne})hritis  may  cause  serious  damage  to  the  optic-nerve 
trunk  through  retro-bulbar  hemorrhages  or  localized  areas  of  edema. 

'  The  neuro-relinitis  which  occurs  in  lenrl-poisonino;  is  generally  secondary  to  the  lead-neph- 
ritis, though  sometimes  the  nerve  may  be  afiected  directly  in  this  as  in  other  sorts  of  poisoning. 
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Since  intranasal  cauterization  occasionally  causes  meningitis,  it  can  easily 
be  understood  how  it  niioht  also  cause  an  optic  neuritis,  although  in  the  case 
of  Alt,  in  which  one-sided  papillitis  developed  immediately  after  cauteriza- 
tion of  one  of  the  turbinated  bones  on  the  same  side,  there  were  no  decided 
symptoms  of  meningitis,  and  a  nearly  complete  recovery  followed  rapidly  on 
the  subsidence  of  the  intranasal  iri'itation. 

AVhile  acronicc/a/i/  generally  causes  atrophy  by  pressure  of  the  enlarged 
pituitary  body  on  the  chiasma,  "it  not  infrequently  produces  optic  neuritis. 

The' cases* of  double  optic  neuritis  which  develoj)  immediately  after  sitn- 
strokc  or  some  violent  physiml  exertion  are  probably  due  to  henioi-rhage  or 
elfusion  within  the  cranial  cavity,  with  secondary  meningitis.  In  the  only 
case  following  sunstroke  which  the  writer  has  seen  dementia  and  permanent 
blindness  resulted.  In  a  case  following  a  violent  run  to  catch  a  car  useful 
sight  was  recovered  after  complete  blindness  had  persisted  for  months. 

Carious  teeth  or  the  reaction  following  their  extraction  may  cause  optic 
neuritis,  apparently  through  the  extension  of  a  ])hlebitis  directly  to  the  orbit 
or  througli  the  intervention  of  an  abscess  of  the  antrum  of  Highmore  with 
secondary  orbital  cellulitis. 

After  taking  account  of  all  the  known  causes,  there  remain  quite  a  num- 
ber of  cases  of  optic  neuritis  for  which  no  probable  cause  can  be  ascertained. 
These  cases,  in  the  experience  of  the  writer,  are  frequently  monocular  and 
may  be  slight  or  severe,  but  they  offer,  on  the  whole,  a  relatively  good  prog- 
nosis. 

Diagnosis. — The  diagnosis  of  intraocular  optic  nenritis  rarely  offers  any 
difficulty  where  the  media  are  clear ;  the  only  conditions  which  are  liable  to 
be  mistaken  for  neuritis  are  hyaline  bodies  in  the  papilla  (to  be  discussed 
later)  and  an  obscuration  of  the  borders  of  the  disk  by  opaque  nerve-fibers. 
Where  these  0})aque  fibers  occur  in  solid  patches  they  can  hardly  be  mistaken 
for  anything  else,  but  where  they  occur  sparingly  mixed  in  with  the  ordinary 
sheathless  fibers,  the  margin  of  the  disk  may  be  more  or  less  completely 
obscured  by  a  grayish  striation,  reminding  one  strongly  of  the  a])pearance  in 
a  mild  case  of  choked  disk.^  A  careful  examination  of  the  direct  image, 
showing  the  absence  of  enlarged  cajMllaries  and  other  signs  of  stasis,  will 
almost  invariably  clear  iq)  the  diagnosis,  but  where  there  is  some  functional 
disturbance  this  condition  may  occasionally  cause  some  uneasiness,  as  is 
shown  by  a  case  seen  by  the  writer  in  which  an  oj^htlialmologist  of  the 
utmost  ability  diagnosed  neuritis ;  subse(pient  continued  observation  showed 
that  the  cause  of  the  blurring  of  part  of  the  disk-margin  Avas  due  to  this 
admixture  of  opaque  fibers.  If  the  media  are  not  perfectly  clear,  it  is  not 
always  ])ossible  to  determine  whether  the  cause  of  the  blurred  image  of  the 
disk  is  due  entirely  to  the  interference  with  the  passage  of  the  light.  If  the 
opacities  in  the  media  are  easily  detected,  the  observer  will  naturally  be  on 
his  guard,  but  where  the  want  of  transparency  is  due  to  the  extremely  fine 
opacities  which  sometimes  exist  in  the  vitreous  or  upon  the  posterior  surface 
of  the  lens,  the  beginner  might  easily  overlook  these,  and,  thinking  the 
media  clear,  diagnose  an  incipient  neuritis  with  blurred  disk-margins.  To 
avoid  this  error  one  should,  of  course,  examine  the  cornea,  lens,  and  anterior 
vitreous  with  a  strong  convex  lens. 

Prog-nosis. — This  must  always  be  guarded.  There  is  absolutely  no 
means  of  determining  whether  a  case  of  neuritis,  seen  for  the  first  time,  will 
result  in  total  blindness  or  in  the  restoration  of  normal  vision.  Where  the 
ocular  disturbance  depends  upon  some  general  affection  the  prognosis  will 

^  Cases,  probably  of  tliis  nature,  have  been  described  as  false  or  sp^lrious  optic  neuritis. 
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depend  upon  the  course  taken  by  the  latter :  aside  from  the  nature  of  the 
ultimate  cause,  the  rule,  as  would  naturally  be  expected,  is  that  the  greater 
the  severity  of  the  neuritis  the  greater  the  permanent  damage  to  the  sight, 
through  the  destruction  of  nerve-fibers,  during  the  neuritis  or  in  the  course 
of  the  subsequent  atrophy.  In  general,  it  may  be  said  that  where  the  ulti- 
mate cause  of  the  disease  is  not  of  a  hopeless  character  the  prognosis  is 
relatively  good,  since  useful  central  vision  is  often  left,  though  frequently 
with  more  or  less  contracted  fields.  The  writer  has  certainly  seen  and  com- 
mitted more  errors  on  the  unfavorable  than  on  the  favorable  side  of  the 
question,  \yhere  the  course  of  the  neuritis  lias  been  rapid  tiie  vision  is  apt 
to  improve  with  the  subsidence  of  the  ophthalmoscopic  symptoms,  sometimes 
becoming  worse  again  when  the  secondary  atrophy  sets  in.  On  the  other 
hand,  where  the  neuritis  has  run  a  long  chronic  course,  with  only  a  moderate 
amblyopia,  the  vision  sometimes  fails  rapidly  and  continues  to  fail  throughout 
the  retrogressive  stag-e.  In  still  a  third  class  of  cases  the  writer  has  seen 
useful  vision  restored  at  the  retrogression  of  a  marked  papillitis  which  had 
persisted  with  absolute  blindness  for  several  months. 

Treatment. — If  the  disease  depend  upon  some  general  affection,  the 
latter,  of  course,  should  first  engage  the  attention  of  the  physician,  and  the 
ocular  condition  may  need  no  special  treatment.  Occasionally,  however,  it 
does,  on  account  of  the  danger  that  while  waiting  for  remedies  to  act  upon 
the  general  condition  permanent  damage  might  be  done  to  the  sight,  which 
could  perhaps  be  prevented  by  a  more  vigorous  line  of  treatment.  Where 
the  optic-nerve  lesion  is  not  secondary  to  any  other  affection  which  requires 
attention,  it  is  very  uncertain  what  line  of  treatment  will  have  most  influence 
upon  it.  Full  doses  of  salicylate  of  sodium  or  of  iodid  of  potassium,  mer- 
curial inunctions  (even  in  non-specific  cases),  and  the  various  forms  of  sweat- 
cures  have  all  been  used  with  apparently  good  results  in  some  cases,  while  in 
others  they  have  had  no  influence.  In  very  critical  cases  the  writer  has  used 
the  iodid  of  potassium,  inunctions,  and  pilocarpin  at  the  same  time,  with 
apparently  good  results.  Those  who  use  mercury  in  non-specific  cases 
generally  recommend  it,  in  particular,  where  there  is  evidence  of  active 
inflammation,  while  others  use  large  doses  of  iodid  in  precisely  similar  cases. 
A  sweat-cure,  either  with  ])ilocarpin,  salicylate  of  sodium,  or  the  Turkish 
bath,  is  always  in  order.  Where  neither  pilocarpin  nor  the  salicylate,  nor  a 
combination  of  the  two,  can  be  borne  in  a  sufficiently  large  dose  to  produce 
free  diaphoresis  once  a  day,  and  circumstances  do  not  permit  visits  to  a 
Turkish  bath-house,  the  writer  has  found  an  imj^rovised  hot-air  bath, 
obtained  by  the  use  of  a  small  lamp  and  enough  rubber  sheeting  to  cover 
two  chairs,  to  be  of  great  service,  particularly  in  cases  of  nephritic  origin. 
If  mercury  is  used  at  the  start  in  preference  to  the  iodid,  it  may  be  ex- 
changed for  the  latter  when  signs  of  mercurialization  appear ;  and  its  use,  in 
any  case,  should  be  continued  off  and  on  for  months  unless  a  complete  cure 
should  result  sooner.  Cupping  or  leeching  the  temples  is  still  recommended 
by  many  and  can  do  no  harm.  It  is  more  than  doubtful  whether  the  use  of 
setons  in  the  temple  or  at  the  nape  of  the  neck  is  even  justifiable.  In  syph- 
ilitic lesions  of  the  o])tic  nerve,  rapidly  ])roduced  mercurialization  by  inunc- 
tions, repeated  at  intervals,  with  iodid  in  full  doses  during  the  intervals^ 
gives  the  best  results. 

In  the  way  of  direct  operative  interference  de  Weeker's  plan  of  incising 
the  dural  sheath  may  be  mentioned  as  a  curiosity.'    From  the  standpoint  of 

^  Von  Hoffman  in  one  case  evacuated  pus  from  the  intervaginal  space.  The  operation  did 
not  prevent  atrophy. 
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V.  Graefe  tlie  proposal  wjis  a  rational  one,  but  the  difficulties  and  dangers 
attending  the  operation  have  prevented  its  general  adojition.  ]\Iore  promis- 
ing is  the  ])erformance  of  trephining  the  skull,  with  or  without  the  puncture 
of  a  lateral  ventricle,  where  the  neuritis  is  due  to  hydrocephalus  internns, 
wliether  the  latter  be  caused  by  brain-tumor  or  by  something  else.  Several 
cases  of  this  kind  are  on  record  in  m  hich  the  operation  has  been  followed 
by  a  marked  improvement  of  the  neuritis  and  of  the  vision.  This  treatment 
is  of  course  resorted  to  only  where  the  intracranial  disease  itself  is  of  a  very 
serious  nature  ;  and  tiie  relief  and  any  improvement  of  vision  obtained  are 
not  likely  to  be  permanent,  since  the  primary  disease  is  generally  incur- 
able. 

Where  tiie  neuritis  dejjcnds  upon  the  pressure  oi' a  brain-tumor  which  can 
be  removed  completely,  it  may  be  permanently  (tured.  Operative  treatment 
may  also  eure  a  neuritis  caused  by  an  orbital  tumor  or  by  an  iiiHammation  or 
tumor  of  one  of  the  accessory  sinuses,  or  by  any  of  the  intracranial  inflam- 
mations of  otitic  origin. 

Acute  or  Fulminant  Retro-bulbar  Neuritis. — In  the  cases  which 
V.  (xraefe  originally  elassiiied  here,  blindness  came  on  suddenly,  the  ophthal- 
moscope showing  very  small  but  still  permeable  retinal  arteries  and  a  very 
slight  blurring  of  the  edges  of  the  disk.  He  considered  that  the  symptoms 
were  due  to  a  compression  of  the  central  vessels  by  the  products  of  a  retro- 
bulbar neuritis.  Some  of  his  cases  would  now  probably  be  called  simply 
thrombosis  of  the  central  artery. 

Etiology. — In  quite  a  number  of  cases  severe  exposnre  or  rheumatism 
can  be  adduced  as  a  cause  of  this  affection  ;  it  has  also  followed  infectious 
diseases,  of  which  influenza  seems  particularly  liable  to  produce  it.  In  many 
cases  no  sufficient  cause  can  be  discovered.  The  disease  seems  to  be  one  of 
the  forms  of  multiple  neuritis  which  may  be  produced  by  any  of  the  toxins 
circulating  in  the  blood.  Acute  or  Huhacide  myeUtis  is  frequently  accompanied 
by  this  same  set  of  eye-symptoms,  excepting  that  the  o])hthalmoscope  shows 
a  marked  neuritis  or  a  choked  disk  ;  hence  it  is  manifestly  arbitrary  to  make 
a  separate  group  of  the  cases  in  which  the  neuritis  happens  not  to  reach  as 
far  toward  the  distal  end  of  the  nerve  as  it  does  in  others. 

Symptoms. — At  the  present  day  the  diagnosis  of  acute  retro-bulbar  neur- 
itis is  made  when  one  meets  the  following  com]ilex  of  symptoms  :  Pain  back 
of  the  eye,  spontaneous  or  upon  movement  of  or  pressure  on  the  eyeball  ; 
obscuration  of  vision,  progressing  in  the  course  of  from  one  to  eight  days  to 
complete  or  nearly  complete  blindness  ;  ophthalmoscopically,  a  normal  disk 
or  a  hyj)eremic  nerve-head  with  or  without  slight  haziness  of  the  surrounding 
retina  ;  and,  rarely,  mimite  retinal  hemorrhages  and  small  grayish  or  yellow- 
ish spots  in  the  neighborhood  of  the  macula.  With  these  symptoms  are  not 
unfrecpiently  associated  others  pointing  to  acute  myelitis  or,  more  rarely, 
multiple  neuritis.  Death  may  occur  within  a  few  weeks  of  the  onset  of  the 
disease. 

Before  amaurosis  becomes  absolute  the  sight  may  undergo  sudden  varia- 
tions ;  thereafter  it  gradually  improves  slowly  until,  occasionally,  normal 
vision  is  restored.  More  frequently  the  restoration  stops  short  of  this,  and  a 
certain  degree  of  amblyopia  remains  either  with  a  contracted  field  or  with 
central  scotoma,  or  with  both.  The  color-sense  is  apt  to  be  severely  affected 
throughout  the  disease.  As  the  process  begins  to  decline  more  or  less  com- 
plete atrophy  of  the  disk  occurs. 

The  affection  may  be  one-sided,  or  both  nerves  may  be  affected  simulta- 
neously, or  there  may  be  a  very  short  interval  between  the  attacks.    In  other 
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cases  recurring  attacks  at  intervals  of  a  niontli  or  more  affect  both  nerves  or 
one  nerve  after  the  other. 

Pathology. — What  is  known  of  the  pathology  of  this  affection  we  owe 
almost  entirely  to  Achard  and  Guiiion,  Elschnig,  Dresehfeld,  and  Katz,  who 
have  found  interstitial  neuritis  o-enerallv  tiirouohout  the  whole  diameter  of 
the  nerve,  in  some  cases  from  the  cliiasma  to  the  globe,  witli  secondary  de- 
generation of  the  nerve-fibers.  Whether  similar  symptoms  may  not  be  pro- 
duced by  a  perineuritis  or  by  a  periostitis  in  the  optic  canal  remains  to  be 
seen.  As  Elschnig  suggests,  the  latter  condition  might  cause  a  compression 
of  the  ophthalmic  artery,  and  thus  produce  the  ophthalmoscopic  picture  seen 
by  V.  Graefe.  It  is  ])rol)abk'  tiiat  still  other  cases  are  caused  by  a  ])achy- 
meuingitis  spreading  into  the  optic  canals.  Tims,  in  a  case  observed  by  the 
writer  the  patient  had  several  attacks  of  complete  double-sided  blindness  at 
intervals  of  several  montiis  ;  the  attacks  were  preceded  for  some  time  by 
severe  headache,  and  after  the  last  attack  an  almost  constant  headache  per- 
sisted for  nearly  a  year. 

Prognosis. — The  prognosis  is  favorable  so  far  as  the  regaining  of  useful 
sight  is  concerned,  complete  blindness  remaining  very  rarely,  if  ever.  Serious 
permanent  visual  disturbances,  however,  are  not  unusual,  and  are  apt  to  be 
worse  in  those  cases  in  which  the  ophthalmoscopic  symptoms  of  neuritis  have 
been  most  pronounced. 

Treatment. — The  same  treatment  as  that  recommended  for  optic  neuritis 
in  general  should  be  ordered,  especial  stress  being  laid  upon  large  doses  of 
salicylate  of  sodium  where  the  affection  seems  to  be  of  rheumatic  origin. 

Chronic  Retro-bulbar  Neuritis. — Perhaps  some  of  the  cases  men- 
tioned in  the  preceding  section,  where  a  succession  of  acute  attacks  occur, 
might  properly  be  considered  chronic.  Besides  these  there  are  others  which 
pursue  a  slower  course,  the  loss  of  vision  ])rogressing  during  several  weeks  or 
months  in  the  form  of  a  central  scotoiiui,  at  first  relative  (i.  e.  some  or  all 
colors  being  mistaken  within  its  borders).  Some  cases  are  complicated  by  a 
peripheral  contraction  of  the  field,  which  in  rare,  severe  instances  may  meet 
the  central  scotoma  so  as  to  produce  absolute  blindness.  The  ophthalmoscope 
in  the  early  stages  may  show  nothing  abnormal,  or  there  may  be  congestion 
of  the  disk  and  slight  haziness  of  the  surrounding  retina.  Later,  if  the  dis- 
ease continues  long,  atroj)hy  of  the  outer  quadrant  or  half  of  the  optic  disk 
becomes  evident,  and  occasionally  the  whole  disk  appears  atrophic,  even 
where  the  defect  of  vision  is  limited  to  a  central  scotoma. 

Etiology. — Some  of  these  cases  can  be  attributed  to  rheumatism  or  ex- 
posure ;  in  others  chronic  meningitis  or  periostitis  in  the  optic  canal  may  be 
assumed  ;  and  sometimes  no  probable  cause  can  be  assigned.  But  the  great 
majority  are  caused  by  systemic  jioisoning  with  alcohol,  tobacco,  lead,  or 
some  other  drug  or  substance  taken  into  or  developed  within  the  body,  and 
they  have  been  so  long  classified  as  toxic  amblyopias  that  they  and  their 
pathologv  will  l)e  considered  fully  in  another  article  (see  page  459). 

A  special  form  of  retro-bulbar  neuritis,  commonly  known  as  hereditary 
nerve-atrophy,  is  one  which  a])])eai's  in  members  of  the  same  family,  generally 
between  the  ages  of  eighteen  and  twenty-two,  though  it  may  occur  as  early  as 
five  years  or  as  late  as  forty-three.  Tn  the  great  majority  of  cases  males 
alone  are  attacked,  and,  Avhere  the  disease  can  be  traced  through  several 
generations,  it  is  generally  transmitted  by  the  unaffected  females  to  their 
male  offspring. 

The  course  and  ojihthalmoscopic  symptoms  of  the  affection  are  those  of  a 
subacute  retro-bulbar  neuritis,  a  permanent  simple  scotoma  with  more  or  less 
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amblyopia  almost  always  remaining:,  total  blindness  persisting  very  rarely. 
The  cause  of  the  atl'eetion  has  only  been  surmised.^ 

Prognosis. — In  the  eases  caused  by  systemic  poisoning  the  prognosis  for 
the  restoration  of  normal  vision  is  good  if  the  poisoning  can  be  stopped  before 
actual  destruction  of  nerve-tissue  has  taken  place,  and  even  where  the  ophthal- 
moscopic appearance  and  the  duration  of  the  affection  would  render  complete 
recovery  impi'obable,  normal  vision  is  restored  in  some  cases. 

In  the  non-toxic  cases  the  prognosis  is  not  so  good,  owing  to  the  doubt 
which  generally  exists  as  to  the  cause,  and  as  to  the  possibility  of  any  line 
of  treatment  really  having  much  iuHuence  ujion  tlie  course  of  the  disease. 
Permanent  blindness  rarely  results,  however,  and  the  more  ra})id  the  course 
of  the  affection  and  the  less  pronounced  the  ophthalmoscoj)ic  symptoms,  the 
better  the  result  to  be  expected. 

Treatment. — In  the  toxic  cases  the  poisoning  should  be  stopped,  while 
in  the  others  the  same  treatment  recommended  for  the  acute  cases  is  in  order. 

Atrophy  of  the  Optic  Nerve. — By  atrophy  of  the  optic  nerve  is 
meant,  strictly  speaking,  the  disappearance  of  a  larger  or  smaller  proportion 
of  the  nerve-fibers,  but  practically  the  term  is  also  used  for  any  condition  in 
which  the  ophthalmoscope  shows  the  papilla  or  a  considerable  part  of  it  to 
have  permanently  lost  its  normal  tinge  of  pink,  through  the  disappearance  of  a 
large  proportion  of  the  normal  number  of  capillary  blood-vessels  or  through 
the  formation  of  new  connective  tissue  within  it. 

If  the  reduction  of  blood-supply  be  only  temporary,  ^ve  may  s})eak  of 
anemia  of  the  disk,  or,  if  it  occurs  suddenly  and  is  very  extreme,  of  ixchemia 
of  the  disk. 

Varieties  and  Objective  Symptoms  of  Optic-nerve  Atrophy. —  If  the 
atrophy  develop  without  previous  inflammation  of  the  nerve,  it  is  called  simple 
or  primary  or  non-iiifiammatory  atrophy.'^ 

The  distinctions  made  by  many  writers  between  ichite  and  gray  atrophy 
and  between  ccrehral  and  spina/  atrophy  are  not  well  grounded,  for  the  first 
refers  merely  to  an  appearance  of  the  nerve  which  may  be  transient,  a  \vhite 
atrophy  sometimes  passing  over  into  a  gray,  and  either  being  sometimes  pro- 
duced by  the  same  cause ;  while  the  second  depends  ujion  the  assumption 
that  the  optic-nerve  atrophy  in  a  large  class  of  patients  is  the  consequence 
of  spinal  disease,  whereas  it  is  now  knoAvn  that  the  optic  atrophy,  while 
dependent  u])on  the  same  cause  as  the  spinal  disease,  originates  quite  inde- 
pendently of  it  and  often  antedates  it. 

In  simple  atrophy  the  nerve  is  white,  bluish  white,  or  grayish  white, 
with  clear-cut  edges,  and  frequently  Avith  a  shallow  excavation  which  may 

'  Of  interest  is  the  apparent  connection  with  the  brunette  type.  Thomson  reported  a 
family  in  whicli  the  blue-eyed  children  retained  normal  sight,  while  the  dai-k-eved  ones  were 
affected  with  atrophy  of  the  opti(^  nerve.  This  recalls  the  observation  from  the  pre-ophthalmo- 
scopic  times  of  Travers.  who  says  (Synnpsis  of  Dimises  of  the  Ei/r,  London,  1821,  p.  302) :  "  1  know 
a  family  of  several  well-formed  children,  three  of  whom  have  dark  hair  and  eyes,  the  others 
lifjht  iiair  and  blue  eyes.  Toward  puberty  all  the  dark-haired  children  have  become  epileptics 
and  {rradually  lost  their  sight,  the  eyes,  except  in  the  expansion  and  immobility  of  the  pupils, 
retaining  every  appearance  of  health." 

Much  confusion  exists  in  the  terminology  of  o])tic-nerve  atrophy.  By  the  term  simple 
some  authors  designate  those  cases  for  which  no  probable  cause  can  be  assigned.  Others  sepa- 
rate from  simple  atrophy,  as  used  in  this  work,  the  cases  in  which  the  atrophy  depends  upon 
some  definite  retro-bulbar  lesion,  classifying  these  as  descending  atrophy.  In  general,  bv  de- 
scending atrophy  is  meant  simply  that  the  lesion  is  back  of  tlie  eye,  so  that  it  must  descend 
before  becoming  evident  in  the  disk,  while  in  ascending  atrophy  the  primary  lesion  is  more  pe- 
ripheral and  leads  to  a  degeneration  passing  up  to  the  higher  centers.  The  term  cerebral  is  some- 
times applied  to  the  cases  depending  on  an  intracranial  lesion.  Progressive  atrophy  simply 
means  that  the  process  progresses  .steadily. 
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extend  to  the  temporal  margin,  bnt  which  is  generally  not  sharply  defined. 
The  vessels  often  show  some  reduction  in  size,  but  this  is  seldom  extreme, 
as  it  is  in  some  other  forms  of  atrophy.  In  some  cases  the  lamina  cribrosa 
shows  plainly,  in  others  it  does  not  (Plate  6,  Fig.  III.). 

The  atrophy  occurring  after  inflammation  of  the  intraocular  end  of  the 
nerve  (neurltic  or  post-newitie  atrophi/)  differs  from  the  preceding  form  by 
more  or  less  marked  narrowing  of  the  arteries,  by  the  presence  of  white 
streaks  of  connective  tissue  along  tlie  large  blood-vessels,  by  more  or  less 
irregularity  or  obscuration  of  tlie  margin  of  the  disk,  and  by  a  chalky, 
opaque  whiteness  in  contradistinction  to  the  clear  somewhat  translucent 
appearance  which  is  seen  in  most  cases  of  simple  atrophy  (Plate  6,  Fig.  II.), 
With  the  lapse  of  time,  however,  these  ditl'ei'ences  are  apt  to  become  much 
less  pronounced,  and  sometimes  they  disappear  altogether.  In  some  cases  of 
neuritic  atrophy  a  network  of  newly-formed  blood-vessels  is  left  upon  the 
disk  ;  and  this  syui[>t()m,  when  it  occurs,  is,  in  the  writer's  experience,  the 
most  permanent  of  all  the  signs  of  a  previous  neuritis.  A  moment's  consid- 
eration will  show  that  some  cases  of  atrophy  secondary  to  a  neuritis  will  be 
classed,  from  the  ophthalmoscopic  appearances,  with  simple  atrophy — namely, 
those  due  to  a  pure  retro-bulbar  neuritis,  so  that  in  speaking  of  a  primary  or 
secondary  atrophy  this  exception  should  be  borne  in  mind. 

A  third  type  of  optic-nerve  atrophy  is  that  described  by  Leber  as  retinal 
atrophy.  This  results  from  any  extensive  disturbance  with  the  nutrition  of 
the  retina,  and  depends  generally  upon  retinitis  pigmentosa  or  extensive 
retino-choroiditis.  In  this  class  of  cases  we  find  the  most  extreme  changes 
in  the  blood-vessels.  In  advanced  cases  of  retinitis  pigmentosa  the  vessels 
are  very  small,  and  sometimes  are  so  reduced  as  to  be  indiscernible  with  the 
ophthalmoscope.    The  disk  has  a  dirty-bluish  or  yellowish-gray  hue. 

In  the  various  forms  of  retino-choroiditis  the  changes  in  the  vessels  and 
the  appearance  of  the  disk  are  not  apt  to  be  so  extreme ;  but  where  there  is 
a  large  area  of  destruction,  particularly  at  the  macula,  a  corresponding  sector 
of  the  nerve  is  generally  atrophic. 

The  atrophy  which  follows  embolus  or  thrombosis  (embolic  atrophy)  of 
the  central  artery  is  also  largely  retinal  in  its  origin — /.  e.  it  depends  not  so 
much  upon  the  interference  with  its  own  blood-supply  (for  this  is  in  good 
part  derived  not  from  the  central  vessels,  but  from  those  of  the  sclero- 
choroidal  ring)  as  upon  a  degeneration  following  the  death  of  the  nerve- 
elements  in  the  retina.  It  gives  the  nerve  a  dense,  opaque  whiteness  or 
a  yellowish-white  tint  (Plate  6,  Fig.  IV.). 

Subjective  Symptoms. — Except  in  the  cases  following  retro-bulbar 
neuritis  of  the  macular  bundle  of  fibers  the  distarbance  of  vision  most  com- 
monly takes  the  form  of  a  reduction  of  central  acuity  with  contraction  of 
the  field  at  the  periphery,  but  central  and  ring-shaped  scotoma,  sector-shaped 
defects,  or  spurious  hemianopsia,  all  may  occur  (for  visual  fields  see  page  477). 
The  color-sense  is  apt  to  suflcr  early  in  the  course  of  the  disease,  the  outer 
limits  of  the  color-fields  sometimes  being  irregular  or  contracted  before  the 
field  for  white  shows  any  abnormality.  A  diminution  of  the  light-sense  is 
also  common,  the  periphery  of  the  field  often  showing  a  contraction,  if  it  be 
tested  with  gray  paper  or  by  reduced  light,  when  the  ordinary  test  with  a 
white  object  shows  no  abnormality  (see  page  168).  On  the  other  hand,  some 
patients,  especially  in  the  atrophy  accompanying  retro-bulbar  neuritis,  see 
better  in  proportion  by  a  moderately  dim  light.  In  the  occasional  cases 
where  the  functions  are  normal  and  the  disk  decidedly  atrophic-looking,  we 
have  to  assume  either  some  congenital  peculiarity  or  that  the  connective  tissue 
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has  been  changed  chiefly  in  ni)pearance,  Avithont  snfficient  increase  in  vohime 
to  cause  atropliv  of  tlie  nerve-Hbers. 

Etiology.— It  is  evident  that  any  of  tlie  causes  which  liave  been  enum- 
erated as  producing  optic  neuritis  may  ])roduce  atrophy,  and,  as  the  signs  of 
neuritis  may  liave  disappeared  by  the  time  the  patient  is  first  examined,  tlie 
results  of  the  cause  may  be  set  down  tis  atrophy  without  any  knowledge  of 
the  neuritis.  Jk^sides  neuritis,  any  other  cause  that  cuts  off  communication 
between  the  retina  and  the  higher  nerve-centers  will  produce  atrophy.^ 

ih-aiii-tninor^i  may  cause  atrophy,  by  the  production  of  neuritis,  by  direct 
pressure  on  the  nerVe,  chiasma,  or  tracts,  by  the  pressure  u])on  the  chiasma 
and  tracts  of  the  accumulation  of  fluid  in  the  ventricles  which  often  accom- 
panies them,  or  by  raising  up  the  cliiasma  and  nerve,  and  thus  causing  them 
to  be  constricted  by  the  arteries  at  the  base  of  the  brain. 

Injuries  to  flic  ncrvc-fniiik  are  followed  by  atro])hy,  both  ascending  and 
descending,  while  all  the  various  processes  which  destroy  the  function  of  the 
retina,  whether  it  be  removal  of  the  globe,  the  various  conditions  Avhich  })ro- 
duce  phthisis  bulbi,  inflammations  of  the  choroid  or  retina,  detachment  of 
the  latter,  or  cutting  off  its  blood-supply  through  thrombosis  or  embolism, 
and,  Anally,  abnormal  ])ressure  both  u])on  the  retina  and  the  disk,  as  in 
glaucoma,  ])roduce  ascending  atro])hy  of  the  nerve-trunk,  chiasma,  and  the 
tracts  leading  to  the  higher  cerebral  centers. 

The  atrophy  which  sometimes  follows  erysipelas  of  the  face  is  undoubtedly 
caused  by  the  accompanying  inflammation  in  the  orbit,  since  any  severe  orbital 
cellulitis  may  cause  atrophy,  ])rol)ably  either  by  direct  pressure  on  the  nerve- 
trunk,  by  thrombosis  of  the  retinal  vein,  as  pointed  out  in  jiarticular  by 
Knapp,  or  by  producing  a  neuritis.  Some  authors  doubt  whether  atrophy 
may  result  simply  from  hemorrhage  into  the  orbit,  but  the  writer  has  seen  at 
least  two  cases  in  which  this  undoubtedlv  occurred  :  in  one  a  hemorrhaLj-e  fol- 
lowed  an  extirpation  of  the  lachrymal  gland  and  led  to  atrophy,  ^vith  the 
typical  ])icture  of  thrombosis  of  the  retinal  vein  and  paralysis  of  all  the  ocular 
muscles  ;  this  indicating  that  even  if  the  vein  had  not  become  obstructed, 
atrophy  might  have  resulted  directly  from  the  pressure. 

In  a  number  of  cases  optic-nerve  atro})hy  follows  falls  or  blows  upon  the 
head,  without  any  signs  of  meningitis  or  optic  neuritis.    The  first  rational 
explanation  of  these  cases  was  given  by  Holder  and  Bei-lin,  who  found  that 
in  many  cases,  without  any  external  signs  of  fracture,  Assures  of  the  walls  of 
the  orbit  were  produced  which  extended  into  the  o))tic  canal,  the  nerve  in 
some  cases  apparently  being  injured  immediately  by  pressure  from  fragments 
of  the  bone  or  by  hemorrhages  into  the  optic  canal,  or  later  by  pressure  from 
tlie  development  of  callus.    In  the  first  two  instances  blindness  develops  at 
once  ;  in  the  last  it  comes  on  gradually  after  several  days  or  weeks.  These 
cases  are  generally  one-sided,  and  apparently  may  be  ])roduced  through 
contre-Goup  by  violence  to  distant  parts  of  the  body.    Whether  the  cases 
described  by  Schweigger  as  concussion  of  the  optic  nerve  were  due  to  fractures 
of  the  bone  is  uncertain.    In  them  violence  to  the  head  was  followed  by 
inmiediatc  and  com])lete  one-sided  amaurosis.    A  certain  amount  of  useful 
vision  (in  one  case  nearly  approaching  the  normal,  the  nerve  showing  partial 
atrojjhy)  returned  after  some  days  or  wTeks.    It  is  possible,  also,  tliat  some 
of  the  atrophies  which  follow  spinal  injuries  are  produced  in  this  way  :  about 
the  real  significance  of  these  cases  there  has  been  some  dispute,  some  authors 
leaning  to  the  view  that  they  were  the  result  of  a  trophic  disturbance,  while 
others  assume  that  they  result  from  an  ascending  meningitis  ;  but  since  it  has 
been  shown  that  a  fall  upon  the  trochanter,  for  instance,  can  produce  a  frac- 
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ture  through  the  optic  canal  by  contre-coup,  it  seems  probable  that  at  least 
some  of  the  cases  have  this  oriu-in. 

The  numerous  cases  of  optic-nerve  atrophy  in  various  forms  of  spinal 
disease  also  led  to  the  belief,  at  one  time  prevalent,  of  a  trophic  connection 
between  the  spinal  column  and  the  optic  nerve ;  and  because  the  disk  in 
many  of  these  cases  (though  by  no  means  in  all)  was  of  a  grayish  hue,  it  was 
common  to  speak  of  (/ray  or  spina!  atropjhy.  The  spinal  affection  in  which 
atrophy  is  most  commonly  observed  is  tabes.  Out  of  109  cases  of  tabes 
which  Berger  examined  he  found  optic-nerve  atrophy  in  44,  and  amblyopia 
with  normal  disks  in  7.  It  may  be  one  of  the  earliest  symptoms  of  the  dis- 
ease, occurring  entirely  independently  of  the  spinal  lesion,  and  beginning, 
apparently,  near  the  peripheral  end  of  the  nerve.  In  the  early  stages  the 
ophthalmoscope  sometimes  shows  a  decided  congestion  of  the  disk,  though 
the  ophtlialmologist  seldom  sees  the  ])atient  early  enough  to  observe  anything 
but  atro[)hy,  wiiich  may  be  either  of  tlie  gray  or  white  variety.  The  dis- 
turbance of  vnsion  generally  takes  the  form  of  a  peripheric  contraction  of  the 
field  with  reduced  central  acuity,  but  central  scotomata  sometimes  occur. 
The  affection  almost  always  ends  in  complete  blindness  if  the  patient  live 
long  enough. 

In  disseniinafed  .sr/c/-o.s'/.s'  the  frequently  occurring  atrophy,  which  is  often 
confined  to  the  other  half  of  the  disk  and  produces  a  relative  central  scotoma 
oftener  than  a  contraction  of  the  field,  is  sometimes  preceded  by  moderate 
papillitis,  and  is  much  less  likely  to  lead  to  blindness  than  the  atrophy  of 
tabes.  The  disturbance  of  vision  is  more  subject  to  variations,  and  is  not 
infrequently  accompanied  by  nystagmm,  which  becomes  more  marked  or 
shows  itself  only  on  oolantari/  movements  of  the  eye. 

In  progressive  paralysis,  also,  optic  atrophy  is  quite  common,  and  that  it 
may  be  a  very  early  or  perhaps  an  initial  symptom  is  indicated  by  the  fact 
that  a  large  proportion  of  patients  in  whom  apparently  idiopathic  optic 
atrophy  occurs  sooner  or  later  become  demented.  Here,  too,  Allbutt  has  ob- 
served a  stage  of  congestion  preceding  the  atrophy. 

According  to  Michel,  tiie  atrophy  occurring  in  multiple  foci  of  cerebral 
softening  as  a  rule  affects  only  the  temporal  side  of  the  disk.  Atrophy  has 
also  been  observed  in  ehronie  bulbar  paralysis,  in  chorea,  in  epilepsy,  where 
it  is  probably  only  a  coincidence,  and  in  nearly  all  of  the  general  affections 
which  have  been  mentioned  in  connection  with  neuritis. 

Atrophy  is  quite  commf)u  in  di/rbcfes  mellifus ;  it  also  has  been  noted  with 
diabetes  insipidus.  One  important  cause  of  atrophy  is  pressure  upon  the 
nerve  or  chiasma  at  the  base  of  the  brain  or  within  the  optic  canal  by  enlarged 
arteries.  The  enlargement  may  be  aneurysmal,  but  commonly  it  is  merely 
the  result  of  arterial  sclerosis,  and  the  resulting  pressure  on  the  nerve  may 
spread  the  latter  out  in  the  form  of  a  semi-cylinder  or  even  divide  it  into 
two  l)undles. 

The  atrophy  which  follows  severe  hemorrhages  is  sometimes  ])receded  by 
neuritis.  The  blindness  is  often  complete  and  generally  double-sided.  It 
comes  on  sometimes  at  once,  but,  as  a  rule,  several  days  after  the  hemorrhage, 
and,  according  to  Fries,  out  of  90  cases  the  highest  degree  of  amaurosis 
attained  in  the  course  of  the  case  underwent  no  improvement  in  43 ;  in  28 
partial  recovery  took  place,  while  full  vision  was  restored  in  19  cases.  .The 
sources  of  the  hemorrhages  are  most  frequently  the  alimentary  canal  (stomach 
and  intestines),  the  uterus,  veins  (venesection),  the  nose,  accidental  wounds, 
the  lungs,  and  the  urethra,  in  the  order  named.  Women  are  atta(^ked  with 
only  slightly  greater  frequency  than  men.    The  immediate  cause  of  blindness 
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is  probably,  in  the  cases  occurring  at  once,  ischemia  of  the  nerve  and  retina; 
in  the  others  hemorrhages  into  the  nerves,  nerve-centers,  or  intervaginal 
space  from  mahiutrition  of  the  vessel- walls.  In  one  case  a  microscopic  ex- 
amination showed  fatty  degeneration  of  the  nerve-fibers  and  retina. 

Incurable  atrophy  has  occurred  in  some  cases  of  lightning-strohc,  while  in 
one  reported  case  the  pallor  of  the  optic  disks,  the  small  retinal  vessels,  and 
the  great  reduction  of  sight  improved  to  normal  or  nearly  so  on  the  use  of 
nitro-glycerin. 

The  atrophy  from  affections  of  the  accessory  sinuses  will  be  discussed 
later  on. 

Under  the  head  of  congeniial  atrophy  are  grouped  a  number  of  cases, 
probably  of  various  origins,  which  have  been  observed  in  infants.  Some  of 
these  are  doubtless  tiie  result  of  neuritis  or  of  hydrocephalus  in  utero  or  soon 
after  birth  ;  in  others,  judging  from  the  entire  absence  of  retinal  vessels,  there 
is  a  fault  of  development ;  while  still  others,  which  have  been  observed 
especially  after /orceps  delivery,  are  probably  the  result  of  injury  to  the  bones 
of  the  head. 

Hydrocephalus  internus,  although,  as  has  been  mentioned,  it  sometimes 
produces  neuritis,  is  generally  found  to  have  produced  atrophy,  probably  by 
direct  pressure  upon  the  chiasma  and  tracts. 

In  quite  a  large  proportion  of  cases — l^'ber  estimates  it  as  high  as  50  per 
cent. — the  most  careful  examination  fails  to  reveal  any  cause  for  the  atrophy. 
In  these  cases  and  in  those  occurring  in  the  course  of  spinal  diseases  men 
far  outmunber  the  women,  and  old  persons  the  young.  In  all  forms  of 
atrophy,  except  where  caused  by  affections  of  the  orbit,  globe,  or  accessory 
sinuses,  double-sidedness  is  the  rule. 

Pathology. — In  the  atrophy  following  neuritis,  largely  as  the  result  of 
pressure  both  from  the  edema  and  the  new  connective  tissue,  the  nerve-fibers 
degenerate,  their  sheaths  (in  the  medullated  ])ortions)  being  first  transformed 
into  fatty-looking  globules  and  granules,  leaving  only  the  nerve-fibrils,  which 
themselves  become  varicose,  and  then  shrink  into  very  fine  homogeneous 
fibrilke  or  disappear  altogether.  The  new  connective  tissue  may  fill  up  the 
papilla  entirely,  and  the  larger  vessels  running  through  it  generally  have 
much  thickened  walls. 

In  the  simple  or  gray  atrophy  ("gray  atrophy,"  in  a  pathological  sense, 
refers  strictly  to  the  macroscopic  a])])earan('e  of  the  cut  surface  of  the  nerve) 
a  similar  process  of  degeneration  takes  place  without  any  ascertainable  pre- 
ceding inflammation.  It  may  occur  in  isolated  foci  or  may  affect  the  greater 
part  of  the  nerve  at  once.  In  old,  extreme  cases,  either  of  sim])le,  neuritic, 
or  direct-pressure  (from  tumors,  etc.)  atrophy,  all  signs  of  nerve-substance 
may  disappear  entirely,  and  only  a  cord  of  connective  tissue  remain. 

In  a  certain  sense  "  normal  "  optic  atrophy  has  been  reported  by  Fuchs  in 
the  form  of  degeneration  of  a  mnnber  of  the  most  peripheric  bundles  of 
fibers  in  a  large  proportion  of  healthy  adults.  This  observation  is  disputed 
by  Michel. 

Diag-nosis. — The  variations  in  tlie  normal  color  of  the  disk  are  such  that 
it  is  sometimes  impossible  to  say  whether  an  observed  pallor  is  abnormal  or 
not.  Here  the  subjective  tests  are  of  great  importance,  the  examination  of 
the  field  for  white  and  for  colors  being  made  with  t\\e  utmost  care  both  by 
full  and  by  reduced  light.  To  illustrate  the  importance  of  this  a  case  may 
be  mentioned  in  which,  with  decided  atrophy  of  one-quarter  of  the  disk  of 
one  eye,  ^\■\th  an  absence  of  one  quadrant  of  the  field  for  white  and  of  the 
nasal  half  of  the  field  for  colors,  no  trouble  was  suspected  with  the  other  eye, 


..\  On...)  CH|PuHi:;iCAL  SOCIE  T' 

ATROPHY  OF  THE  OPTIC  NERVE,  447 

it  being  apparently  normal  both  subjectively  and  objectively.  But,  while 
the  vision  was  practically  normal  and  its  fiehl  showed  no  defect  for  white,  an 
examination  of  the  color-limits  showed  that  in  the  nasal  half  of  the  field 
both  quadrants  had  lost  the  perception  of  green,  and  one  quadrant  that  of 
red,  thus  indicating  with  the  greatest  probability  the  inqilication  of  both 
nerves  or  of  the  chiasma. 

In  other  cases,  as  mentioned  above,  an  eye  showing  no  defect  in  the  field 
by  good  light  will,  when  tested  in  a  moderately  dim  light  or  by  using  a  gray 
paper  as  a  test  object,  show  marked  abnormalities.  In  many  cases,  w  liere 
there  is  no  question  about  the  existence  of  atrophy,  a  careful  consideration 
of  the  symptoms  is  of  importance  in  the  attempt  to  determine  the  location 
of  the  primary  lesion  or  to  decide  on  the  nature  of  the  general  disease  of 
which  it  is  but  one  of  tlie  manifestations.  Where  tlie  trouble  is  entirely  one- 
sided the  lesion  must,  in  the  great  majority  of  cases,  be  peripheral  to  tlie 
chiasma,  but  not  necessarily,  for  an  intracranial  lesion  might  affect  one  side 
of  one  optic  tract  so  as  to  produce  a  one-sided  disturbance  of  siglit,  either 
crossed  or  on  the  same  side.  In  nearly  all  cases,  however,  any  affection  of 
the  chiasma  or  tracts  will  produce  a  double-sided  disturbance  in  the  fields, 
generally  more  or  less  symmetrical,  pressure  on  the  chiasma  in  front  or  belli nd 
tending  to  jjroduce  defects  in  the  temporal  halves  of  the  fields ;  while  sym- 
metrical defects  in  the  nasal  halves  indicate  pressure  on  or  lesion  of  the 
outer  side  of  the  chiasma,  tracts,  or  intracranial  portions  of  the  nerves  (see 
pages  480  and  481). 

An  enlarcjement  of  the  blind  spot  may  indicate  the  existence  of  the  so- 
called  normal  atrophy  of  Fuchs  (granting  that  this  actually  occurs),  or  a 
mild  peri])heral  perineuritis,  or  some  other  affection  attacking  only  the  fibers 
close  to  the  periphery  toward  the  distal  extremity  of  the  nerve.  A  central 
scotoma,  either  relative  or  absolute,  indicates,  of  course,  an  affection  of  the 
papillo-macular  bundle  of  fibers,  but,  unless  there  have  been  symptoms  of 
congestion  of  the  disk  to  indicate  an  implication  of  the  distal  extremity  of 
the  nerve,  we  have  no  way  of  judging  whether  the  lesion  is  nearer  the  globe 
or  the  brain  unless  there  occur  with  it  an  enlargement  of  the  blind  spot ;  in 
which  case,  as  Berger  has  recently  pointed  out,  we  may  with  some  certainty 
diagnose  distal  perineuritis,  either  present  or  past.  In  deciding  between 
atropliv  from  tabes  and  from  disseminate  sclerosis  it  should  be  remembered 
that  disorders  of  the  pupil-reaction  are  much  more  common  in  tabes,  while 
nvstagnius  of  recent  origin  and  jiaresis  of  other  than  (X'ular  muscles  strongly 
indicate  disseminate  sclerosis.  The  partial  atrophy  occurring  in  cerebral 
softening  has  already  been  referred  to.  In  all  cases  of  atrophy,  as  of  neur- 
itis, the  importance  of  as  thorough  an  examination  as  is  practicable  of  the 
general  svsteni,  reflexes,  urine,  etc.  should  not  be  forgotten. 

Prognosis. — The  prognosis  of  post-iieuritic  atropJiif  is,  like  that  of  the 
neuritis  itself,  relatively  favorable,  since  the  sight  that  is  left  after  the  neur- 
itis has  run  its  course  is  apt  to  be  retained.  In  some  cases  normal  vision  is 
kept,  but,  as  a  rule,  there  is  a  re(hiction  of  central  acuity  with  contraction 
of  the  field,  excejit  in  cases  in  which  the  lesion  has  mainly  affected  the 
papillo-macular  bundle,  where  a  central  scotoma  with  normal  peripheric 
field-limits  is  the  rule. 

In  the  cases  of  simple  (drophij  the  jirognosis  will  depend  upon  the  cause 
if  this  can  be  ascertained.  In  tabes  it  is  almost  unqualifiedly  bad  :  once 
having  set  in,  the  loss  of  sight  generally  progresses  until  the  patient  is  blind. 
In  disseminate  sclerosis  blindness  is  rare,  and  in  some  cases  the  vision,  after 
being  much  reduced,  undergoes  considerable  improvement.    In  the  other 
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cases  of  simple  atrophy  the  prognosis  must  always  be  dubious  if  there  is 
evidence  of  recent  progress.  The  inajority  of  them  sooner  or  later,  in  spite 
of  all  treatment,  end  in  blindness.  Yet  the  surgeon  must  be  careful  not  to 
be  too  positive  in  his  expressions  of  pessimism,  for  every  now  and  then  one 
sees  a  ])atient  apparently  doomed  to  blindness,  one  eye  being  already  practi- 
dxWy  blind,  with  marked  symptoms  of  })rogressive  atrojihy  in  the  other,  where 
t(j  his  surprise  the  process  sto])s  and  useful  sight  is  retained  for  years. 

In  toxic  amblyopia,  the  p,apilla  occasionally  presents  the  appearance  of  a 
general  atroi)hy,  and  -where  this  occurs,  with  some  slight  contraction  of  the 
field,  with  myotic  pupils,  and  with  i)eripheral  paralysis  due  to  alcoholic  neur- 
itis, the  diagnosis  of  some  grave  incurable  disease  may  be  erroneously  made 
in  spite  of  the  central  scotoma,  since  such  scotomata  are  not  infrequent  in 
some  such  diseases,  and  sometimes,  though  rarely,  occur  in  tabes.  On  the 
other  hand,  a  too  favorable  prognosis  may  easily  be  made  with  patients  who 
have  atrophy  of  the  outer  quadrant  or  half  of  the  pa])illa,  with  a  central 
scotoma,  relative  or  absolute.  In  such  a  case,  if  the  patient  happen  to  use 
tobacco  or  alcohol  freely,  it  would  be  natural  to  think  of  toxic  amblyopia  and 
give  a  relatively  good  prognosis,  although  the  use  of  these  stinudants  may  be 
a  mere  coincidence,  and  the  trouble  may  continue  to  progress  in  spite  of  total 
abstinence,  the  atro})hy  being  due  to  some  entirely  different  cause.  In  two 
cases  of  this  kind,  which  the  writer  has  seen,  the  central  scotoma  was  decidedly 
less  marked,  in  proportion  to  the  amount  of  atrophy  and  reduction  of  vision, 
than  is  usual  in  toxic  amblyopia.  The  only  safe  plan,  if  there  are  no  indica- 
tions of  disseminate  sclerosis,  cerebral  softening,  or  other  serious  nervous 
disease,  is  to  await  the  result  of  abstinence  before  making  a  diagnosis  or 
prognosis. 

In  the  rare  cases  of  spurious  hemianopsia,  when,  with  progressive  atrophy, 
the  fields  happen  temporarily  to  closely  resemble  those  in  homonymous 
hemianopsia,  the  beginner  might  consider  it  to  be  a  case  of  cortical  hemi- 
anopsia and  give  much  too  good  a  prognosis  as  to  the  chance  of  progression. 
In  such  cases  the  history,  the  more  pronounced  atrophy  of  the  disk,  the 
undue  reduction  of  the  central  vision,  and  the  disturbance  of  the  light-  or 
color-sense  in  the  remaining  halves  of  the  fields,  will  almost  certainly  allow 
the  proper  distinction  to  be  made. 

Where  from  the  j)revious  existence  of  a  large  jihysiological  excavation,  or 
from  an  unusually  high  normal  intraocular  pressure,  or  from  the  nature  of 
the  initial  lesion,  a  case  of  simple  atrophy  exhibits  a  deep,  sharp-bordered 
excavation,  the  problem  of  distinguishing  it  from  .nmple  glaucoma  with  no 
appreciable  hardness  of  the  globes  may  arise,  and  its  solution  may  be  very 
difficult  or,  in  some  cases,  at  first  impossible.  There  are  no  points  of  differ- 
ence upon  which  absolute  reliance  can  be  placed.  The  most  valuable  are  the 
occurrence  in  glaucoma  of  an  unusually  good  color-sense  in  proportion  to  the 
contraction  of  the  field,  and  the  ease  with  which  pulsation  of  the  retinal  arteries 
may  be  jiroduced  by  light  pressure  on  the  globe.  All  the  conditions  have  to 
be  carefully  M'eighed  in  such  a  case,  and  occasionally  no  positive  diagnosis 
can  be  made  at  once.  If,  after  continued  observation,  the  doubt  should  per- 
sist, it  is  better  to  use  a  luyotic,  or  even  to  oj^erate,  than  to  allow  the  patient 
to  go  blind  by  default.    (Compare  with  page  382.) 

Treatment. — The  results  of  the  treatment  of  optic-nerve  atrophy  are 
extremely  unsatisfactory.  It  is  entirely  probable  that,  except  where  it  de- 
pends upon  some  still  active  inflammatory  process,  upon  some  toxemia,  or 
upon  some  neoplasm  which  can  be  removed,  no  form  of  treatment  has  any 
influence  upon  it.    This  does  not  mean,  however,  that  nothing  should  be 


TUMORS  OF  THE  OPTIC  NERVE. 


449 


done  for  the  patients.  In  the  hope  that  there  may  still  be  some  active 
process  capable  of  being  influenced,  large  doses  of  iodid  of  potassium  may  be 
tried,  or  mercury  may  be  used  if  there  is  any  sus])icion  of  syphilis,  though,  as 
a  nerve-poison,  it  should  be  used  with  great  care  if  there  is  any  spinal  trouble. 
It  is  common  to  use  strychnin  in  many  of  these  cases,  and  it  is  probably 
well  to  try  it  in  full  doses  (increasing  from  -2^^  grain  three  times  a  day,  if 
given  by  the  mouth,  to  the  limit  of  toleration,  or  injecting  from  -^io  grain 
under  the  skin  of  the  temple.  It  often  causes  a  slight  temporary  improve- 
ment of  central  acuity  or  of  the  extent  of  the  field,  and  a  number  of  cases 
have  been  reported  in  which  its  effects  have  seemed  almost  miraculous.  In 
conjunction  with  strychnin,  nitroglycerin  should  be  exhibited. 

Elcdric'dy  in  the  form  of  a  mild  constant  current  may  be  used  for  a  few 
minutes  every  day  or  two,  though  little  more  can  be  said  for  it  than  that  it 
gives  the  patient  the  benefit  of  the  doubt.  Nitrate  of  silver  is  another  remedy 
in  common  use  which  is  supposed  by  some  observers  to  have  a  particular 
value  in  checking  post-neuritic  atrophy,  and  cyanid  and  arsenite  of  gold, 
ph()Sj)hate  of  zinc,  and  numerous  other  remedies  have  received  enthusiastic 
recommendations.  Where  there  are  evidences  of  active  inflammation  at  the 
base  of  the  brain  a  vigorous  course  of  salicylate  of  sodium,  iodid  of  potassium, 
inunctions  of  mercury,  or  some  form  of  sweat-cure,  or  any  two  or  three  of 
these  together,  should  never  be  omitted.  The  writer's  plan  is  generally,  as 
in  the  case  of  neuritis,  to  give  the  salicylate  a  trial  of  about  a  week  (15  grains 
eight  to  twelve  times  a  day  in  brandy) ;  then,  if  no  decided  efi'ect  has  been 
produced,  to  change  to  large  doses  of  iodid  in  connection  with  the  sweat-cure 
(pilocarpin  ^  to  ^  grain  in  a  glassful  of  hot  whiskey  and  water,  wdth  the  addi- 
tion of  15  grains  of  salicylate  of  sodium  if  the  pilocarpin  alone  does  not 
produce  free  diaphoresis). 

It  is  in  these  cases  of  meningitic  atrophy  that  Valude  has  recommended 
an  ti  pyrin. 

Tumors  of  the  Optic  Nerve. — The  primary  tumors  of  the  optic-nerve 
trunk  are  most  fretjuently  of  the  sarcomatous  type,  with  a  tendency  to  myx- 
omatous degeneration.  Sarcoma,  myxo-sarcoma,  myxoma,  and  myxo-fibroma 
are  the  commonest  types,  in  the  order  named,  though  glioma,  psammoma, 
endothelioma,  and  neuroma  have  also  been  described,  the  last  named  very 
rarely. 

The  point  of  departure  seems  to  be  the  pial  sheath  and  the  septa  of  con- 
nective tissue  running  off  from  it  into  the  interior  of  the  nerve,  the  tumor 
sometimes  develoj)ing  uniforndy  throughout  its  diameter,  but  more  frequently 
with  a  tendency  at  first  to  spread  along  the  pial  sheath  in  the  form  of  a 
cvlinder,  through  the  center  of  which  the  more  or  less  degenerated  trunk  of 
nerve-fibers  runs,  though  at  the  oldest  portions  its  identity  is  often  entirely 
lost.  These  tumors  are  generally  somewhat  spindle-shaped,  tapering  at  least 
at  one  end.  They  never  invade  the  glolx;  (unless  a  recent  case  of  Risley  is 
an  exception),  and  when  they  grow  fi)rward  close  to  it  a  sharj)  constriction 
separates  them  from  it;  when  the  tumor  is  continued  into  the  cranial  cavity 
there  is  a  narrowing  corresponding  to  the  0})tic  canal. 

From  a  pathological  standpoint,  though  not  necessarily  differing  in  the 
symptoms  which  they  produce,  are  to  be  distinguished  the  growths  which 
take  their  origin  in  the  dural  sheath.  They  are  apt  to  be  fibromata,  endo- 
theliomata,  or  sarcomata  ;  tiiey  generally  affect  the  nerve-trunk  only  by  direct 
pressure  or  by  interfering  with  its  blood-supply. 

As  secondari/  tionor.'^  glioma  and  melanomatous  sarcoma,  spreading  from 
the  interior  of  the  globe,  are  most  common.    Carcinoma  has  also  been 
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observed,  in  one  case  as  metastasis  from  tlie  kidney;  in  another,  that  of 
Krohn,  ah'oady  referred  to  as  unicjue,  a  metastasis  from  a  carcinomatons  ovary 
occurred  in  each  optic  nerve  immediately  beiiind  tlie  globe.  Gummata  and 
sometimes  very  extensive  tuberculosis  of  the  o])tic  nerve  have  also  been 
reported.  In  the  case  of  Sattler  the  tuberculosis  of  the  nerve  and  its  sheaths 
produced  a  tumor  18  mm.  in  diameter  by  25  mm.  in  length.  Michel  has 
reported  an  uni(|ue  case  in  which  a  ])atient,  suffering  from  elei)hantiasis  of 
the  leg,  but  with  good  sight,  was  found  after  death  to  have  the  chiasma  and 
the  intracranial  portion  of  one  nerve  very  much  thickened  by  the  uniform 
distribution,  between  the  bundles  of  fibers,  of  numerous  fibrils  similar  to 
those  of  elastic  tissue. 

Symptoms. — Tumors  of  the  nerve  are  apt  to  occur  in  children,  and 
there  is  a  certain  amount  of  evidence  to  indicate  that  contusions  of  the  eye 
and  its  vicinity  play  a  part  in  their  etiology,  though  sometimes  their  begin- 
nings are  probably  congenital.  Their  growth  is  slow,  and  pain  occurs,  if  at 
all,  only  after  they  have  attained  considerable  size.  If  the  patient  is  a  child, 
usually  the  first  symptom  to  attract  attention  is  protrusion  of  the  globe.  This 
is  at  first,  and  sometimes  throughout,  straight  forward,  but  as  the  tumor  gets 
larger  its  impingement  upon  the  upper  and  inner  walls  of  the  orbit  sometimes 
forces  the  eye  slightly  down  and  out.  In  this  stage  the  general  motility  of 
the  globe  is  sometimes  impaired,  while  in  the  early  stages  it  is  remarkably 
well  preserved. 

If  examined  early,  the  eye  may  show  signs,  sometimes  very  pronounced,  of 
optic  neuritis ;  later  on,  of  atrophy.  The  pupil  may  be  wide  through  jires- 
sure-paralysis  of  the  oculo-motor  or  from  the  loss  of  sight.  In  older  patients 
the  existence  of  the  tumor  is  frequently  first  suspected  from  the  loss  of  sight, 
which  generally  progresses  rapidly,  though  to  this  there  are  occasional 
marked  exceptions,  as  in  the  case  of  v.  Graefe,  where  the  chiasma  and 
adjoining  portions  of  the  optic  nerve  were  found  converted  into  a  gliomatous 
tumor  in  which  it  was  difficult  to  make  out  any  of  the  scattered  nerve-fibers, 
although  up  to  a  short  time  before  death  the  sight  had  been  more  than  normal. 
In  a  more  recent  case  of  Wiegman,  a  well-develo])ed  tumor  of  the  trunk  of 
the  nerve,  spreading  the  bundles  of  fibers  widely  apart,  existed  with  a  vision 
of  (in  the  other  eye  |-|)  and  a  normal  field.  In  such  cases  the  develop- 
ment must  have  taken  place  very  gradually,  so  as  to  allow  the  nerve-fibers  to 
accustom  themselves  to  the  pressure  and  change  of  position. 

Diagnosis. — The  main  points  in  the  diagnosis  between  these  and  other 
tumors  of  the  orbit  are  the  slow  and  relatively  painless  progress  (though  this 
may  apparently  be  hastened  by  an  injury),  the  propulsion  straight  forward 
or  nearly  so,  the  long-retained  motility  of  the  eyeball,  and,  with  the  excep- 
tions noted  above,  the  early  loss  of  sight. 

Prognosis. — Prognosis  as  to  sight  is  of  course  unqualifiedly  bad,  that  as 
to  the  chance  of  retaining  the  globe  fair,  while  as  to  the  prevention  of  recur- 
rence after  removal  it  is  decidedly  good  unless  there  be  involvement  of  the 
extra-orbital  part  of  the  nerve.  To  help  decide  this  point,  an  examination  of 
the  field  of  the  other  eye  is  very  important,  for  if  it  show  a  well-marked 
defect,  without  other  cause,  an  implication  of  the  chiasma  is  probable  ;  and, 
while  this  should  not  necessarily  contra  indicate  an  operation,  the  prognosis 
should  be  very  carefully  guarded. 

Treatment. — Removal  is  the  only  treatment  allowable,  and  it  is  probable 
that  this  can,  in  the  majority  of  cases,  be  done  with  retention  of  the  eyeball, 
although  hitherto  the  globe  has  in  most  cases  been  sacrificed  also.  In  8  cases' 
beginning  with  one  of  Knaj^p's,  the  nerve  has  been  cut  close  to  the  eyeball  and 
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at  the  extreme  apex  of  the  orbit,  and  the  intervening  portion  of  the  nerve 
with  the  tumor  removed,  the  eye  being  left  in  plaee.  In  most  cases,  the 
internal  or  external  rectus  muscle  was  cut  to  aid  in  exposing  the  tumor,  but 
in  one  case  (Knapp's  second  one)  the  tumor  could  be  brought  into  view 
throuo-h  an  incision  between  the  internal  and  inferior  rectus  and  removed 
without  cutting  any  muscle.  In  4  of  tiiese  cases  the  eye  retained  its  normal 
appearance,  in  3  it  became  more  or  less  phthisical,  and  in  1  there  was  slough- 
ing of  the  cornea  through  exposure  from  extreme  protrusion.  The  method 
to  be  recommended  is  that  of  Lagrange,^  who  enlarges  the  external  com- 
missure, cuts  tlie  external  rectus,  leaving  attached  to  it  a  long  thread,  puts 
a  thread  through  the  tumor  by  which  it  is  drawn  forward  as  far  as  possible 
while  the  nerve  is  being  cut  at  the  external  optic  Ibramen.  The  nerve  is 
then  cut  close  to  the  globe,  the  tumor  removed,  and  the  external  rectus  and 
conjunctiva  reunited.  Since  oue  of  the  subsequent  dangers  is  sloughing  of 
the  cornea  from  exposure  (in  Knapp's  case  this  occurred  in  spite  of  repeated 
suturing  of  the  lids),  it  is  well  to  check  the  bleeding  as  quickly  as  possible  by 
pressing  back  the  ball  firmly  before  stopping  to  suture  the  muscle ;  this  is  to 
be  followed  by  a  pressure  bandage  and  prophylactic  lid  sutures. 

Hyaline  Bodies  in  the  Optic  Disk. — These  bodies  (known  also  as 
colloid  bodies,  verrucosities,  or  "  Dmsen  ")  were  first  discovered  in  microscop- 
ical specimens  examined  by  Muller  and  by  Iwanolf,  and  for  years  little  was 
known  of  the  ophthalmoscopic  picture  which  they  presented. 


FxG.  264.— Moderate  development  of  hyaline  bodies  at  border  of  optic  disk. 

Symptoms. — When  seen  during  life,  if  there  are  but  few  of  them  and 
they  are  rather  deep-seated,  they  can  be  barely  distinguished  as  somewhat 
spherical  bodies  of  a  lighter  hue  than  the  rest  of  the  disk.  In  this  case  they 
are  best  seen,  as  Liebreich  suggested,  by  throwing  the  brightest  part  of  the 
light  a  little  to  one  side  of  them.  When  nearer  the  surface  they  may  be 
scattered  through  the  disk  or  occur  more  commonly  in  groups  at  its  periphery 
(Fig.  264).  They  are  somewhat  translucent,  and  in  some  cases  give  back 
quite  a  brilliant  reflection.    When  they  project  well  above  the  surface  of 

^  Kronlein's  plan  of  temporarily  resecting  the  outer  bony  margin  of  the  orbit  may  be 
emploved,  but  it  probably  is  very  seldom  necessary  in  optic-nerve  tumors. 
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the  di^k  tliev  often  remind  one  of  lialf-soaked  grains  of  tapioca.  In  otlier 
•cases  they  are  of  a  tlen.ser  or  sliglitly  yellowisli  white.  Jn  tlie  direct  image, 
they  appear  to  be  about  2-3  mm.  in  diameter,  but  occasionally  bodies  two  to 
three  times  as  large  are  seen.  The  entire  border  of  the  nerve  is  occasionally 
obliterated  by  them,  and  sometimes  they  encroach  upon  the  disk  so  as  to 
entirely  conceal  its  normal  tissue,  in  its  place  appearing  a  mulberry-like  mass, 
from  the  center  or  sides  of  which  tlie  blood-vessels  aj)pear.  A  slight  encroach- 
ment upon  the  retina  is  common,  and  occasionally  isolated  granules  are  seen 
well  out  from  the  main  hotly.  More  rarely  large  masses  of  them  develop  out 
from  the  edges  of  the  disk  into  the  retina.    Fig.  265  represents  such  an 


Fig.  205.— Extreme  development  of  hyaline  bodies  in  optic  disk  and  retina. 


extreme  case,  in  which  some  of  the  arteries  appeared  as  white  cords  with  a 
very  minute  column  of  l)lood  in  the  center.  In  this  case,  repeated  small 
hemorrhages  took  ])lace  from  the  retinal  vessels. 

The  affection  is  a  rare  one,  occurring  in  the  writer's  experience  in  1  out 
of  about  2000  ca.ses.  It  is  met  most  frequently  in  cases  of  retinitis  ])ig- 
mentosa,  but,  aside  from  this,  the  eyes  in  which  it  is  seen  Avith  the  ophthal- 
moscope are,  in  other  respects,  often  entirely  normal,  though  there  is  some 
rather  unsatisfactory  evidence  tending  to  connect  its  origin  with  injuries  to 
the  eye,  with  neuro-retinitis,  and  witli  Bright's  disease. 

Few  cases  have  been  observed  long  enough  to  note  any  change  in  the 
ophthalmoscopic  apjiearance,  but  where  this  has  been  done  a  gradual  increase 
in  the  number  of  the  bodies  has  sometimes  been  noticed.  It  is  generally  stated 
to  be  a  double-sided  affection  of  advanced  life,  but  the  writer  has  seen  it  quite 
as  often  in  young  adults  as  in  older  ])atients  (in  one  case  at  nine  years),  and 
in  one  disk  alone  as  often  as  in  both  disks. 
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Pathology. — Our  knowledge  of  the  more  intimate  cluiracter  of  these 
bodies  we  owe  chiefly  to  Hirseliberg  and  Cirincione,  Gurwitscli,  de  Scliwei- 
nitz,  and  Saehsalber.  Tliey  are  found  to  be  made  up  t>f  a  rather  hard 
hyaline  substance,  the  smaller  bodies,  on  cross-section,  showing  well-marked 
concentric  lines,  the  larger  bodies  being  made  up  of  a  number  of  the  smaller 
ones  more  or  less  blended  together.  At  points  they  show  a  tendency  to 
calcareous  degeneration.  Tincture  of  iodin  gives  the  substance  a  yellowish 
color,  and  no  amyloid  reactions  are  obtained  witli  saffranin  and  methyl-violet. 
The  earlier  view  was  that  these  bodies  liad  tlie  same  origin  as  the  colloid 
excrescences  of  the  laiiiltut  vitira  of  the  choroid,  while  the  tendency  at  pres- 
ent is  to  regard  them  as  something  entirely  diflerent.  It  is  certain  that  they 
have  no  necessary  connection  with  the  lamina  vitrea,  for,  Avhile  a  favorite 
place  for  the  development  of  tlie  largest  masses  is  just  between  the  termina- 
tion of  this  membrane  and  the  central  vessels  of  the  nerve,  they  may  also 
occur  well  out  in  tlie  retina  and  in  the  n(>rve,  ])osterior  to  the  lamina  cribrosa. 
Granting  this,  it  has  not  been  shown  that  their  c<)mj)osition  difl'ers  essentially 
from  that  of  the  "  Drusen  "  of  the  choroid  (consult  Fig.  318,  page  496). 

Diagnosis. — In  the  less  pronounced  cases,  the  affection  is  easily  over- 
looked, for  it  is  only  by  careful  examination  by  the  direct  method  that  the 
rounded  outlines  of  the  bodies  can  be  made  out.  In  a  more  pronounced 
form,  especially  where  they  are  grouped  around  the  periphery  of  the  disk, 
they  may  be  and  have  been  mistaken  for  optic  neuritis,  from  which,  however, 
a  careful  direct  examination  will  always  enable  them  to  be  distinguished. 
The  most  pronounced  cases  look  like  nothing  else  to  be  seen  at  the  disk,  but 
they  might  easily  puzzle  the  beginner,  especially  since,  in  many  text-books, 
they  are  not  mentioned. 

Prognosis. — In  the  cases  observed  during  life,  the  vision  has  usually 
been  found  to  be  normal  (except  in  the  cases  accompanying  retinitis  pig- 
mentosa), in  some,  even  where  they  were  so  abundant  as  to  nearly  conceal 
the  disk  ;  and  where  moderate  development  of  them  is  discovered  by  acci- 
dent, as  is  generally  the  case,  they  need  cause  no  alarm,  but  it  remains  to  be 
seen  whether  in  extreme  and  progressive  cases  they  may  not  cause  serious 
trouble.  The  case  represented  in  Fig.  265  was  one-sided,  and  the  eye  was 
entirely  blind,  but  it  is  not  certain  that  the  blindness  may  not  have  been  due 
to  some  other  cause. 

Treatment. — Treatment  is  not  necessary  in  the  great  majority  of  cases, 
and  it  is  not  easy  to  understand  how  anything  could  be  used  that  would 
aifect  them. 

Hemorrhages  in  the  Optic  Nerve  or  in  the  Intervaginal  Space. 

— After  a  hemorrhage  at  the  base  of  the  brain  or  in  the  optic  canal,  or  even 
from  a  more  peripheral  source  (after  a  contusion  of  the  eye),  the  blood  may 
flow  into  the  intervaginal  space  and  distend  it  widely  at  its  distal  extremity. 

In  such  cases  the  sight  may  be  suddenly  lost,  the  ophthalmoscope  show- 
ing a  somewhat  blurred  disk,  with  the  central  vessels  reduced  in  size,  some- 
times with  a  red  sjiot  at  the  macula  surrounded  by  a  grayish  area,  as  in 
embolus  of  the  central  artery,  and,  later  on,  the  dissolved  hemoglobin  may 
find  its  way  into  the  disk,  so  as  to  be  seen  with  the  ophthalmoscope,  leaving 
deposits  of  pigment  there  by  which  the  nature  of  the  original  process  may 
be  recognized  after  months  or  years.  The  nerve  atrophies,  and  the  vision 
does  not  return  at  all,  or  does  so  but  im])erfectly.  Where  there  is  no  history 
of  violence  the  affection  might  be  mistaken  for  a  rapidly  developing  neuritis 
or  for  embolus  or  thrombosis  of  the  central  artery,  which  latter  may  indeed 
possibly  be  produced  by  it. 
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Much  more  rarolv  a  hemorrhage  occurs  within  the  pial  sheath,  and  may 
find  its  %vay  ah)no-  the  septa  of  the  nerve-trunk.  This  has  been  observed  in 
connection  with  Brioiit's  disease. 

Optic-nerve  I^esions  from  AflFections  of  the  Accessory  Sinuses. 
—Inflammation  of  any  of  the  sinuses  or  of  tiie  ctlnnoid  cells  may  cause 
optic  neuritis  and  atrophy,  by  si)reading  to  the  orbital  tissue  or  to  the  cranial 
cavity  ;  or  bv  the  direct  pressure  of  their  distended  walls  upon  the  orbital 
tissue,  in  the  case  of  the  ethmoid  cells,  and  })ossibly  of  the  maxillary  and 
frontal  sinuses. 

Affections  of  the  sphenoidal  sinus  have  an  especial  significance  for  the 
ophthalmologist  on  account  of  the  intimate  relation  between  the  walls  of  this 
cavity  and  the  optic  nerve.    Fig.  26(i  shows  part  of  a  coronal  section 


Fig.  266.— Coronal  section  through  posterior  i)art  of  ojitie  caniil :  i).n,  i\\A\v  nerve:  ^v,  sphenoidal  sinus; 
a.s,  anterior  sphenoidal  or  posterior  ethmoid  cell ;  a. if,  antrum  of  Highmore. 

through  the  skull  passing  through  the  optic  canals.  A  glance  at  the  left  side 
of  it,  with  a  realization  of  the  fact  that  the  thin  bony  partition  separating 
the  optic  canal  from  the  sinus  is  sometimes  im})erfectly  develojied,  will  show 
how  easily  an  inflammation  of  the  sinus  might  cause  localized  neuritis,  with 
subsecpient  descending  atro])hy,  through  the  diffusion  of  ptomains  into  the 
nerve,  or  an  actual  infection  of  the  intervaginal  space,  leading  to  perineuritis 
and  choked  disk  ;  or  an  atrophy  through  direct  ])ressure,  if  the  walls  of  the 
sinus  were  distended  by  fluid  or  by  a  tumor.  These  considerations  should 
lead  one  to  take  the  s])henoidal  sinus  into  account  in  all  cases  of  obscure 
optic-nerve  troulde,  especially  since  at  least  one  case  has  been  reported 
(Holmes)  in  which  a  puncture  of  the  anterior  wall  of  the  sinus  drew  off  a 
collection  of  pus  and  cured  an  optic  neuriti.<. 

The  right  side  of  the  section  represented  in  Fig.  266  illustrates  a  point 


CONGENITAL  ANOMALIES  OF  THE  OPTIC  NERVE.  455 


which  seems  to  have  attracted  very  little  attention — namely,  that  in  some 
heads,  on  at  least  one  side,  the  cavity  in  closest  proximity  to  the  optic  canal 
is  not  the  main  sphenoidal  sinus,  but  an  entirely  se})arate  cell,  opening  into 
the  nose  by  an  independent  foramen  which  is  sometimes  so  large  that  the 
cell  could,  with  jM'opriety,  be  described  as  the  upper  extremity  of  the  nasal 
cavity.  A  collection  of  pus  in  this  space  might  cause  a  disturbance  of  sight, 
with  symptoms  of  suppuration  of  the  sphenoidal  sinus,  altliougli  an  oi)erati()n 
on  the  latter  would  give  no  relief.  To  operate  on  this  anterior  s])henoidal 
cell  or  prolongation  of  the  nasal  cavity  would  be  more  difficult  and  dangerous 
than  to  puncture  the  main  sphenoidal  sinus,  but  a  knowledge  of  its  occasional 
relation  to  the  optic  canal  may  serve  to  explain  some  cases  of  o})tic-nerve 
trouble  in  which  an  ordinary  sphenoidal  operation  gives  negative  results. 

Congenital  Anomalies  of  the  Optic  Nerve. — Aside  from  congenital 
atrophy  of  the  optic  nerve  due  to  intra-uterine  neuritis,  hydrocephalus,  and 
other  causes,  the  nerve  in  the  various  degrees  of  microphthalmos  and  anoph- 
thalmos  shows  more  or  less  marked  signs  of  imperfect  development.  It  may 
be  entirely  absent,  or  represented  only  by  a  cord  of  connective  tissue,  or  it 
may  simply  have  an  abnormally  small  proportion  of  nerve-fibers.  Even 
more  interesting  is  the  case  cited  by  Manz,  which,  though  old,  is  apparently 
quite  authentic,  of  entire  absence  of  any  decussation  of  the  optic  nerves,  the 
latter  running  direct  to  the  respective  sides  of  the  brain,  without  any  sign  of 
a  chiasm. 

Some  of  the  anomalies  of  the  nerve  which  have  been  discovered  with  the 
ophthalmoscope  are  discussed  in  the  section  on  the  Ophthalmoscopic  Examina- 
tion of  the  Fundus  (pages  191-195).  Of  these,  the  condition  known  as  colo- 
boma  of  the  optic  nerve  or  coloboma  of  th  e  optic-nerve  sheath  is  the  most  important. 
In  the  most  common  type,  one  sees  in  place  of  the  disk  an  excavation  several 
times  as  large  as  the  ordinary  papilla,  generally  much  deeper  and  with  a  sharply- 
excavated  border  below,  wliile,  above,  its  floor  comes  gradually  up  to  the  level 
of  the  surrounding  retina  ;  the  main  vessels  curve  abruptly  over  the  lower 
edge,  while  the  bottom  of  the  excavation  may  be  entirely  free  from  them  or 
may  have  some  running  across  it  to  the  upper  part  of  the  retina,  crossing  the 
upper  border  without  any  break  in  their  continuity  at  that  point.  The  ex- 
cavation is  surrounded  by  a  generally  complete  pigment  ring,  outside  of 
which  there  is  often  a  narrow  white  zone  or  crescent.  If  there  is  any  sign 
of  normal  disk-tissue,  it  is  apt  to  be  above.  More  rarely,  the  entire  floor  of 
the  excavation  is  deep  below  the  retina,  with  vessels  curving  sharply  aroimd 
its  border  at  various  points,  though  chiefly  below  and  above  (consult  Fig.  141 ). 

The  few  microscopical  examinations  which  have  been  made  of  the  com- 
mon form  of  this  anomaly  show  that  it  depends  upon  the  non-closure  of  the 
fetal  optic-nerve  fissure ;  the  central  vessels  enter  the  nerve  pro])er  only  in 
part,  or  more  commonly  not  at  all,  but  enter  the  eye  through  the  mass  of 
connectiv^e  tissue  which  takes  the  place  of  the  dural  sheath  below.  In  one 
case  (Magnus)  the  fissure  seems  to  have  been  at  tlie  nasal  side  instead  of 
below  the  nerve.  The  deep  atypical  excavations  which  are  sometimes  seen 
within  the  borders  of  otherwise  normal  papillae  are  probably  due  to  a  less- 
marked  failure  of  develoj)ment  of  the  same  nature. 

Another  type  of  anomaly,  which  has  also  been  described  as  coloboma  of  the 
nerve,  consists  in  the  absence  of  a  zone  of  choroid  (often  wider  below)  around 
the  otherwise  moderately  normal  papilla,  the  blood-vessels  appearing  near 
the  center  of  the  latter  and  passing  across  the  borders  of  the  zone  without  any 
displacement  or  other  sign  to  indicate  any  considerable  excavation.  These 
cases,  in  the  opinion  of  the  writer,  would  be  more  accurately  designated 
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Gireumpapillary  coloboma  of  the  choroid,  and  to  this  class  the  cases  exhibiting 
mere  crescents  of  choroidal  absence  below  tlie  papilla  are  most  probably  allied. 

Coloboma  of  tlie  nerve  is  generally  associatetl  with  imperfect  sight  and 
often  with  nystagmns  or  micro])hthalmos.  It  may  atfect  one  or  both  eyes, 
and  its  etiological  relationshii)  to  coloboma  of  the  choroid  is  shown  by  its 


Fig.  267.— Band  of  coiniectivL'  tissue  in  optic  disk. 


occurring  sometimes  in  the  same  eye  with  the  latter,  or  in  one  eye  of  an  indi- 
vidual having  coloboma  of  the  choroid  and  iris  in  the  other  eye. 


Fig.  268.— Extreme  development  of  connective  tissue  in  optic  disk. 

The  bands  of  connective  tissue  not  infrequently  seen  upon  the  disk  may  be, 
as  Masselon  suggests,  prolongations  of  the  lamina  cribrosa,  though  they 
sometimes,  as  in  Fig.  267,  appear  to  have  no  connection  wdth  it.  In  extreme 
cases,  as  shown  approximately  in  Fig.  268,  the  entire  disk  may  be  concealed 
by  a  pearly,  bluish-white  mass  of  connective  tissue. 


AMBLYOPIA,  AMAUROSIS,  AND  DISTURBANCES  OF 
VISION  WITHOUT  OPHTHALMOSCOPIC  CHANGE 


By  CASEY  A.  WOOD,  M.  D., 

OF  CHICAGO,  ILL. 


The  terms  amblyopia  (d///9i'^c,  dull,  and  wil',  the  eye — /,  c.  obscurity  of 
vision)  and  amaurosis  {aiiaupo:;,  dark,  a  marked  blindness)  have,  since  the 
days  of  Hippocrates,  been  applied  to  different  degrees  of  loss  of  sight  without 
sensible  change  in  the  ocular  structures.  The  invention  of  the  ophthalmo- 
scope and  the  use  of  the  microscope  have  greatly  diminished  the  number  of 
these  affections,  but  there  still  remain  "  functional  "  diseases  of  the  eye  desig- 
nated either  by  the  dimness  of  vision  {cimblyopia)  or  decided  loss  of  sight 
{amaurosis)  that  forms  the  most  prominent  symj)tom.  Eyes  blind  from  in- 
flammatory diseases,  as  well  as  from  certain  congenital  changes  in  the  fundi, 
may  also  be  described  as  amaurotic. 

Congenital  Amblyopia. — When  an  eye  has  never  taken  part  in  the 
visual  act,  as  in  cases  of  early  squint,  congenital  cataract,  corneal  scars,  or 
other  obstruction  to  the  light-rays,  the  accompanying  dim  vision  may  be 
altogether  or  partly  the  result  of  simple  non-use  ;  hence  the  terms  amblyopia^ 
exanopsia,  and  argamblyopia  (Gould).  In  such  cases,  especially  in  squint, 
where  the  defective  sight  is  largely  due  to  the  presence  of  high  degrees  of 
hyperopia  or  astigmatism,  or  both,  correction  of  this  ametropia,  with  exercise 
of  the  eye,  may  result  in  much  improvement  of  sight  or  even  in  a  return  to 
normal  vision.  In  other  instances,  however,  correcting  lenses  do  not  help, 
and  we  may  then  conclude,  even  in  the  absence  of  positive  signs,  that  struc- 
tural changes  or  defects  exist,  probably  in  some  portion  of  the  extra-bulbar 
nervous  a])j)aratus. 

In  still  another  class  of  cases  careful  examinations  with  the  mirror  show 
in  the  nerve-head,  retina,  or  choroid  slight  departures  from  the  normal  ap- 
pearances. The  papilla  especially  may  be  irregularly  shaped  or  dimmed  in 
outline,  while  the  perimeter  reveals  scotomafa^  and  peripheral  conti'actions  of 
the  field.  Such  anomalies  as  colobomata  of  the  ojiticus,  choroid,  retina,  and 
iris,  as  well  as  non-development  of  the  whole  eyeball  {micropJithalmos),  are 
usually  associated  with,  and  are  described  as,  examj^les  of  congenital  ambly- 
opia. Many  of  the  ocular  diseases  of  extra-uterine  life  also  affect  the  fetal 
eye.  Among  these  are  glaucoma,  iritis,  chorio-retinitis,  and  diseases  of  the 
optic  nerve,  all  of  which  have  been  classed  with  the  congenital  amblyopias. 

Congenital  Amblyopia  for  Colors  {Subnormal  Color -sen  se ;  Color- 
blindness).— Total  absence  of  the  color-sense  {achromatopsia)  is  rare  as  a 
congenital  condition  and  apart  from  disease,  but  it  occurs  to  some  extent 
and  for  some  colors  in  about  3  per  cent,  of  the  whole  population.  It  is 
quite  rare  (0.20  per  cent.)  in  M^omen,  is  sometimes  hereditary,  and  is  almost 
always  bilateral. 

By  far  the  commonest  form  of  color-blindness  is  exhibited  when  the 
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individual  fails  to  detect  the  red  and  green  in  mixtures  containing  these 
colors.  As  a  result  of  this  defective  color-sense,  or  dyschromatopsia,  the 
pure  greens  are  readily  mistaken  for  grays  and  shades  of  red,  and  vice  versd. 

A  less  numerous  ciass  name  correctly  most  of  the  saturated  primary  colors, 
but  are  very  liable  to  miscall  all  or  most  of  the  color  mixtures.  They  see 
little  or  no  dilierence  between  orange  and  red,  blue  and  purple,  or  violet  and 
blue.  In  other  words,  they  i)erc'eive  in  a  compound  only  the  predominating 
color.  Artificial  light  generally  adds  to  the  difficulty  which  these  persons 
experience  in  selecting  colors. 

The  nomenclature  of  color-blindness  is  built  upon  various  theories  of 
color-perce})tion  ;  thus,  the  two  forms  of  dyschromatopsia  just  described  may 
be  designated  "  red-green  "  and  "  blue-yellow  "  blindness,  or  we  may,  with 
pro])rietv,  speak  of  red,  green,  and  violet  dyschromatopsia  (see  also  pages 
98-100)* 

Whether  the  structural  defects  that  give  rise  to  the  various  forms  of  sub- 
normal color-perception  exist  at  the  periphery  or  in  the  central  portions  of 
the  optic  tract,  they  are  equally  incurable  (see  also  A])pendix,  page  603). 

Reflex  Amblyopia. — Both  amblyopia  and  amaurosis  have  resulted 
from  "  reflex  irritations "  conveyed  from  remote  organs,  but  such  cases  are 
rare.  Loss  of  sight  has  been  attributed  to  diseases  of  the  reproductive 
organs,  spinal  cord,  and  digestive  apparatus.  Well-authenticated  examples 
of  amblyopia  from  intestinal  worms,  decayed  teeth,  diseases  of  the  naso- 
pharynx and  its  neighboring  cavities  (especially  neoplasms  and  muco-purulent 
collections)  have  also  been  recorded.  In  most  of  these  cases  there  were  no 
fundus  changes,  and  improvement  or  cure  followed  successful  treatment  of 
the  distant  lesion. 

The  etiology  of  reflex  amblyopia  is  very  obscure,  and  we  must,  for  the 
present,  continue  to  hold  to  the  vague  hypothesis  of  vaso-motor  disturbances, 
affecting  the  nutrition  of  the  retina  in  some  instances  and  of  the  central 
ganglia  in  others,  until  similar  mysteries  of  "  functional  disorders  "  elsewhere 
are  cleared  up.  Probably  some  of  these  alleged  reflex  manifestations  are 
really  unrecognized  cases  of  hysterical  amblyopia. 

Uremic  Amblyopia,  or  Amaurosis. — This  loss  of  vision  occurs  occa- 
sionally in  the  toxemia  of  Bright's  disease,  but  is  most  frequently  noted  in 
those  states  of  the  system  where  albuminuria  is  found  as  a  transient  condition 
— viz.  in  pregnancy  and  the  late  stage  of  scarlatina.  It  affects  both  eyes, 
comes  on  suddenly,  often  lasts  but  a  short  time,  and  disappears  as  quickly  as 
it  came.  It  is  almost  always  associated  with  other  uremic  sym]itoms,  espe- 
cially with  convulsions,  headache,  vomiting,  and  coma.  The  blindness,  which 
may  be  com])lete,  is  probably  due  to  a  temporary  affection  of  the  visual  cen- 
ters produced  by  the  uremia. 

The  prognosis  is  uniformly  favorable.  Permanent  blindness  results  only 
when  organic  lesions  of  the  nerve  and  retina  (albuminuric  retinitis  and  optic 
neuritis)  are  present. 

Ophthalrnoscopicalh/,  nothing  is  to  be  seen  in  the  retina,  although  several 
writers  describe  fulness  of  the  vessels  and  a  swollen  appearance  of  the  papilla. 

The  treatment  is  that  of  uremia. 

Glycosuric  Amblyopia.— Apart  from  the  cataract  of  diabetic  patients 
and  those  retinal  and  optic-nerve  lesions  that  so  closely  resemble  the  fundus 
changes  found  in  Bright's  disease,  there  is  sometimes  observed  a  dimness  of 
vision  that  simulates  the  amblyopia  from  tobacco  and  alcohol.  There  are  in 
these  cases,  no  alterations  visible  with  the  mirror,  but  central  scotomata  for 
red  and  green  can  always  be  mapped  out. 
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As  the  writer  lias  elsewhere^  pointed  out,  the  diagnosis  is  somewhat 
difficult  wlien  the  diabetic  patient  is  a  smoker,  but  in  such  instances  the 
color-defect  often  extends  to  blue  and  white.  In  time  white  l)econies  involved 
at  the  periphery  of  the  field  also — a  condition  of  things  never  found  in  pure 
tobacco  or  alcohol  amblyopia. 

The  pathology  is  obscure,  but  Horner's  views  of  the  causation  of  alcohol- 
tobacco  blindness  may  find  acceptance  in  the  case  of  glycosuric  amblyopia — 
viz.  that  it  is  due  to  malnutrition  of  the  macular  fibers,  in  this  instance 
brought  about  by  glucose  in  the  blood. 

The  prognosis,  unlike  that  of  tobacco  amblyojjia,  which  it  resembles,  is 
grave ;  in  spite  of  treatment  (of  the  diabetes)  the  case  usually  goes  on  to 
simple  optic-nerve  atropliy  and  terminates  in  total  loss  of  sight. 

Malarial  Amblyopia. — It  has  been  observed  that  during  the  course  of 
intermittent  fever  and  other  diseases  of  malarial  origin  an  amblyopia  accom- 
panied by  fundus  changes,  and  usually  affecting  one  eye,  may  set  in.  The 
attacks  are  generally  of  short  duration,  but  in  some  instances  persist  for 
weeks.  The  dim  vision  is  commonly  attributed  to  the  action  of  the  malarial 
poison  upon  the  optic  nerve  and  retina.  It  must  not  be  forgotten,  in  this 
connection,  that  quinin,  so  universally  administered  in  malarial  diseases,  is 
known  to  produce  a  temporary  amblyopia  quite  apart  from  the  well-known, 
serious  fundus  lesions  of  quinin-amaurosis,  and  the  writer  is  convinced  that 
some  of  the  reported  cases  of  malarial  amblyopia  are  merely  examples  of  the 
ocular  symptoms  of  a  mild  quinin-intoxication. 

True  malarial  amblyopia  improves  under  quinin  and  other  antiperiodics, 
and  complete  recovery  is  the  rule. 

Amblyopia  from  I/OSS  of  Blood. — The  optic  nerve  bears  even  a 
temporary  anemia  very  badly,  and  many  secondary  alterations  in  its  tissues 
may  be  directly  traced  to  malnutrition  of  a  kind  that  would  be  successfully 
resisted  by  other  nerves  of  special  sense.  Instances  of  a  temporary  loss  of 
vision  following  excessive  hemorrhage  are  quite  common,  especially  from 
ulcer  of  the  stomach  or  intestines.  Post-partum  floodings  may  also  produce 
this  form  of  amblyopia.  An  attack  of  dim  vision  may  be  the  forerunner  of 
optic  atropliy  (usually  preceded  by  optic  neuritis)  setting  in  a  week  or  ten  days 
after  the  loss  of  blood.  The  papilla,  at  the  time  of  the  bleeding,  is  quite  pale 
and  the  arteries  are  small. 

Treatment. — The  treatment  of  the  primary  amblyopia  is  the  transfusion 
of  blood  or  the  intravenous  injection  of  physiological  salt  solution.  Diffusible 
stimulants  and  rest  in  bed,  with  small  and  repeated  quantities  of  easily  assimi- 
lated food,  should  be  prescribed.  These  should  be  followed  by  tonic  mixtures 
of  iron  and  strychnin.  The  remedies  employed  for  the  relief  of  the  later  eye- 
troubles  following  profuse  hemorrhage  must  be  regulated  by  the  form  the 
fundus  lesions  assume. 

Amblyopia  from  the  Abuse  of  Drugs. — The  poisonous  agents  that 
produce  ocular  symptoms  are  so  numerous  that  anything  like  a  complete 
account  of  all  of  them  would  be  inappropriate  here.  In  the  following  list 
the  most  important  ones  are  italicized  :  tobacco,  alcohol,  carbon  disulphid, 
iodoform,  lead-scdts,  quinin,  salicylic  acid  and  other  salicylates,  cocain,  snake- 
venom,  mydriatic  alkaloids,  ptoma'ins,  carbolic  acid,  male-fern,  aconite,  chloral, 
santonin,  picric  acid,  digitalis,  tea,  coffee,  chocolate,  gelsemium,  ergot,  coal- 

^  The  Toxic  Amblyopias,  v.  p.  14.  For  a  full  account  of  this  matter  see  Dr.  W.  O.  Moore's 
paper  on  "Diabetic  Affections  of  the  Eye,"  N.  Y.  Medical  Journal,  Mar.  31,  1888;  Dodd: 
Archives  of  Ophthalmology,  vol.  xxiv.  No.  2;  Hirschberg:  Deutsch.  med.  Wochenschr.,  Mar.  26, 
1891. 
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tar  products,  arsenic,  na])litlialin,  potassium  bromid,  ergot,  amyl  nitrite,  nitro- 
benzol,  mercurial  c()mi)ounds,  silver  nitrate,  antii)yrin,  curare,  and  a  large 
number  of  other  drugs. 

Etiology  and  Pathology. —  Tobacco-,  alcohol-,  and  tobacco-alcohol  intox- 
ications present  by  far  the  commonest  examples  of  toxic  amblyopia.  It  is 
now  admitted  that  alcohol  or  tobacco  alone  may  ])roduce  partial  loss  of  vis- 
ion, but  inasmuch  as  the  smoker  is  usually  a  drinker  and  as  the  alcoholic 
commoidy  smokes,  we  almost  always  have  to  deal  with  mixed  exam])lcs  of 
intoxication. 

Sachs  (with  the  English  school)  believes  that  alcohol  ])redisposes  to 
tobacco-poisoning  by  producing  dyspej)sia.  Horner  is  convinced  that  neither 
alcohol  nor  tobacco,  as  such,  produces  the  ])athological  changes  found  in  the 
opticus.  Together  these  drugs  produce  a  chronic  gastric  catan-h,  which,  in 
its  turn,  brings  on  a  chronic  anemia  of  the  optic  nerve,  tenninating  in  the 
retro-bulbar  neuritis  characteristic  of  alcohol  and  tobacco  amblyo2)ia.' 

Samelsohn,  Uhthoff,  and  others  have  demonstrated  by  autopsies  that  the 
essential  lesion  in  this  disease  is  an  axial,  interstitial  neuritis,  beginning 
somewhere  between  the  ])a])illa  and  brain,  and  probal)ly  extending  thence 
both  toward  the  center  and  the  periphery  (see  Plate  7).  The  fibers 
affected  are  those  that  supj^ly  the  macular  region — one-fourth  or  one-third 
of  the  whole  number.  The  axis-cylinder  and  the  true  nervous  elements 
mostly  escape.  The  trabecular  tissues  enclosing  these  increase  both  as  to 
number  and  size  and  press  upon  the  nerve-fibers,  bringing  about  their  partial 
atrophy,  just  as  the  connective  elements  in  cirrhosed  liver  and  fibroid  phthisis 
encroach  upon  the  more  highly  organized  tissues  of  the  liver  and  lungs. 

Recently,  Nuel  has  revived  the  theory  that  central  toxic  scotoma  is  not 
primarily  a  neuritis  of  the  macular  bundle,  but  a  disease  of  the  macula  lutea, 
causing  degeneration  of  its  cells,  and  that  the  optic-nerve  changes  are  sec- 
ondary to  the  destruction  of  the  nerve-cells  of  the  macula.  Usher  and 
Dean  have  observed  macular-fiber  degeneration  follow  experimentally-pro- 
duced retinal  lesions. 

The  majority  of  these  cases  occur  in  persons  over  forty  years  of  age  ; 
examples  of  the  disease  in  the  female  sex  are  uncommon,  and  ^ve  must 
remember  that  this  form  of  toxic  amblyopia  occurs  only  in  those  who  have 
an  idiosyncrasy  toward  tobacco  or  alcohol. 

Symptoms. — The  symptom  most  complained  of  is  misty  "  vision  ;  the 
patient  speaks  of  "  seeing  through  a  fog "  or  "  through  smoke."  Even 
earlier  than  this  he  finds  difficulty  in  reading  or  doing  any  other  form  of 
near  work,  for  which  he  usually  seeks  glasses  or  requests  to  have  his  reading 
lenses  changed.  His  visual  acuity  for  both  distanc^e  and  near  may  fall  as 
low  as  ^nd  J.,  14.  He  now  fails  to  distinguish  red  and  green  objects,  and 
on  examination  with  the  perimeter  negative  central  scotomata,  in  the  form 
of  horizontal  ovals  extending  from  the  blind  spots  and  including  the  fixation- 
points,  can  be  mapped  out  (Figs.  269  and  270).  Blue  and  white  are  rarely 
affected  in  pure  cases  of  tobacco  amblyopia. 

Owing  to  the  situation  of  the  scotomata,  most  patients  are  day-blind  and 
see  best  with  a  dilated  pupil — /.  c.  toward  evening  or  in  a  dimly-lighted 
room. 

The  mirror  sometimes  reveals  alterations  in  the  disk.  When  these  are 
absent  it  may  be  assumed  that  the  atrophic  changes  have  not  yet  reached  the 

^  The  reader  is  referred,  for  a  full  description  of  all  that  is  known  of  the  toxic  amblyopias 
to  Dr.  Geo.  E.  de  Schweinitz's  work  on  that  subject.  A  smaller  and  less  complete  monograph 
by  the  writer  of  this  article,  bearing  the  same  title,  appeared  two  vears  earlier. 


Sectious  of  the  right  optic  Jicrvc  in  a  case  of  toxic  amblyopia,  showing  degeneration  of  the 
papilloniaciilar  bundle  ;  Wcigert's  stain  (de  Schweinitz). 

Fig.  I. — Longitudinal  section  of  tlie  posterior  half  of  the  right  bulbus  and  five  uiillimeters 
of  the  optic  nerve. 

Figs.  II.  and  III. — Transverse  sections  of  tlie  optic  nerve,  eight  and  thirteen  uiillimeters, 
respectively,  behind  the  globe. 

Figs.  IV.  and  V.— Transvor.se  sections  of  the  optic  nerve  in  the  region  of  the  optic  foramen. 
Fig.  VI. — Transverse  section  of  the  nerve  in  the  intracranial  region. 
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nerve-hcad.  The  most  constant  signs  are  hyperemia  of  the  ])apilla  in  the 
early  stages  of  the  disease,  and  later  a  triangular  atrojjhk'  area,  occupying 
the  temporal  third  of  the  nerve-head  and  corresponding  to  the  macular 
bundle  of  libers. 

Diagnosis. — Tlie  diagnosis  of  tiie  retro-bulbar  neuritis  produced  by 
tobacco  and  alcohol  rests  upon  the  account  just  given.'    The  disease  may 


Fig.  269.— Alcohol  amblyopia.    Small  absolute  central  defect,  surrounded  bv  a  scotoma  for  blue 

d'hthott'). 

be  mistaken  for  non-toxic  orbital  axial  neuritis,  disseminated  sclerosis,  loco- 
motor ataxia,  and  scotomatous  atrophy  of  the  optic  disk.  Everything  con- 
sidered, it  is  not  difficult  to  difterentiate  these  forms  of  ocular  disease  (see 
also  page  447). 

Uhthoff  thus  summarizes  the  points  of  diagnosis  between  the  retro-bulbar 
neuritis  of  tobacco  and  alcohol  and  that  due  to  other  causes,  such  as  syphilis. 


Fig.  270. — Typical  oval  scotomata  from  a  case  of  tobacco-amblyopia.  The  jiatient,  ajjcd  sixty,  had 
smoked  four  pipes  of  tobacco  daily,  and  an  occasional  cigar,  since  he  was  nineteen;  a  moderate  beer- 
drinker  (de  Schvveinitz). 


rheumatism,  disorders  of  menstruation,  cold,  diabetes,  etc.,  as  follows:  1.  In 
true  toxic  amblyopia  tlie  central  scotomata  are  almost  invariably  confined  to 
red  and  green.  2.  The  scotomata  and  visual  disturbances  are  bilateral,  and 
the  former  are  confined  to  the  center  of  the  field.    3.  Vision  does  not  fall 

'  For  the  differeiitinl  diiignosis  between  the  various  forms  of  central  amblyopia,  see  de 
Schweinitz,  loc.  eit.,  pp.  85,  86. 
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below  J.  4.  The  form  of  the  scotoma  is  that  of  an  oval,  including  both 
blind  sj)ot  and  tixation-point,  with  its  long  axis  lying  above  the  horizontal 
meridian.  5.  The  vision  becomes  gradual! t/  less.  6.  The  disease  affects 
men  above  forty  years  of  age.  7.  Pain  is  noticed  on  extreme  ocular  move- 
ments in  essential  retro-balbar  neuritis,  but  is  invariably  absent  in  the  toxic 
form. 

De  Sehweinitz  says  of  the  non-toxic  variety  that  there  is  a  history  of 
chilling  of  the  body,  excessive  exertion,  suppression  of  menses,  or  of  infec- 
tious diseases,  rheumatism,  etc.  ;  there  is  no  special  relation  to  sex  or  age. 
The  visual  acuity  is  greatly  disturbed  ;  sometimes  there  is  complete  blindness. 
Often  there  is  a  positive  scotoma  tending  to  pass  to  the  nasal  side  of  the  fixa- 
tion-point, and  not  specially  oval  or  horizontal.  Peripheral  contraction  of 
the  field  for  white  and  colors  may  be  present,  with  Avoolliness  of  the  whole 
disk  and  distention  of  the  veins.  It  is  often  rapid  in  onset,  and  is  frequently 
slow  in  responding  to  treatment. 

Prognosis. — This  is  favorable,  even  when  the  blindness  has  lasted  for  a 
long  time.  When  total  abstinence  from  the  toxic  agent  is  persistently  prac- 
tised and  there  is  no  other  optic-nerve  disease,  sight  should,  with  judicious 
management,  be  restored  in  from  six  weeks  to  three  months. 

Treatment. — This  consists,  first  of  all,  in  stopping  the  use  of  tobacco  and 
alcohol  in  all  their  forms.  It  must  be  remembered  that  the  amblyopia  is  but 
part  of  a  general  intoxication,  and  that  chronic  gastric  catarrh  is  usually 
present.  The  digestive  pow^r  is  consequently  often  weak,  and  it  should  be 
fortified  by  appropriate  means.  Proper  food,  exercise,  bathing,  and  regula- 
tion of  the  bowels  are  valuable  adjuncts  to  tonic  remedies.  The  Turkish 
bath  has  a  decided  value,  especially  in  alcoholic  cases.  The  chief  aim  should 
be  to  furnish  a  supply  of  good  blood  to  the  badly-nourished  optic  nerve. 
Most  of  the  so-called  specifics,  nux  vomica  and  strychnin  particularly,  are 
very  useful,  especially  with  ])allor  of  the  disk  and  wdien  general  toxic  symp- 
toms are  present.  Usually  full  doses  of  the  elixir  of  pepsin,  bismuth,  and 
strychnin  may  be  given  internally.  This  treatment  is  accompanied  by  hypo- 
dermic injections  of  strychnin,  that  are  gradually  increased  in  strength  until 
toxic  symptoms  are  produced.  The  dose  is  then  to  be  diminished  one-fourth, 
and  so  continued  for  several  weeks.  When  there  is  an  edematous  or  hyper- 
emic  papilla,  potassium  iodid  may  be  substituted  for  the  strychnin.  AMien 
not  otherwise  contraindieated  and  the  Turkish  bath  cannot  be  readily  taken, 
the  hot  pack,  combined  with  hypodermic  injections  of  pilocarpin  (gr.  1)  twice 
a  week,  is  very  useful,  and  certainly  cuts  short  the  duration  of  the  amblyopia. 

I/Cad- amblyopia. — Lead  and  its  salts  not  infrequently  produce  ambly- 
opia and  amaurosis.  These  cases  are  most  commonly  found  in  painters,  em- 
ployes of  paint-  and  lead-works,  plumbers,  as  well  as  in  persons  poisoned  from 
eating  canned  food  or  drinking  water  polluted  with  plumbic  compounds. 

The  poison  brings  about  so  many  changes  in  the  brain  and  kidneys,  as 
well  as  in  the  optic  nerve,  that  it  is  often  difficult  to  say  whether  the  eye 
alterations  are  due  to  the  direct  action  of  the  lead  on  the  optic  nerve,  retina, 
and  visual  centers,  or  whether  they  are  secondary  to  the  other  organic  lesions. 
In  any  event,  it  is  probable  that  the  ocular  changes  hcffin  in  the  terminal 
vessels  of  the  eye  as  a  fatty  metamorphosis  or  obliterating  endarteritis,  and 
that  subsequently  the  tissues  supplied  by  these  vessels  undergo  secondary 
metamorphoses. 

These  alterations  affect  the  retina  and  papilla,  and  may  be  studied  ophthal- 
moscopically.  The  commonest  sign  is  optic-nerve  atrophy  with  woolly  disks 
and  small  vessels.    Vision  is  always  greatly  affected,  both  at  the  center  and 
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periphery.  In  anotlier  class  of  cases  there  is  optic  neuritis,  with  the  usual 
appearances  in  and  about  the  nerve-head;  in  still  another  a  rctro-bidhar 
degeneration  sets  in.  Finally,  there  arc  states  of  transient  amblyopia  witliout 
ophtliahnoscopic  change;  indeed,  patients  suffering  from  atropliy  due  to 
lead-poisoning  often  give  a  liistory  of  antecedent  "  attacks  "  of  dini  vision. 
These  Gowers  regards  as  analogous  to  the  temporary  amaurosis  of  diabetes 
and  uremia,  and  thinks  they  are  due  to  the  direct  effect  of  the  lead  salts  upon 
the  visual  centers.  In  doubtful  cases  the  excreta  should  be  examined  for 
lead.  Oliver  relates  a  case  of  progressive  blindness  where  the  urine,  saliva, 
and  nasal  mucus  revealed  the  presence  of  lead.    In  a  case  reported  by  the 


Fig.  •271.— Visual  field  in  lead-amblyopia.  Fig.  272.— Visual  field  in  lead-amblyopia. 


writer  there  were  marked  optic-nerve  atrophy,  with  restricted  fields  (see  Figs. 
271  and  272),  and  almost  complete  oculo-motor  paresis  on  the  left  side. 

Prog-nosis  is  favorable  in  the  early  stages  of  transient  amblyopia,  but 
very  unfavorable  when  optic  inflammation  or  atrophy  has  set  in. 

Treatment  consists  in  the  instant  removal  of  the  source  of  the  poison, 
the  administration  of  small  doses  of  magnesium  sulphate,  the  use  of  Turkish 
baths,  and  pilocarpin  injections.  Strychnin  before  a  meal  and  potassium  iodid 
after  it  are  usually  employed,  but  the  former  should  be  omitted  when  active 
inflammation  is  present. 

Quinin-amaurosis. — Quinin,  like  lead,  may  be  responsible  for  both  a 
temporari/  ambli/opia  and  an  amaurosis  with  characteristic  fundus  changes. 
The  blindness,  in  the  latter  instance,  comes  on  suddenly,  is  often  complete, 
and  may  last  for  several  days.  The  pupils  are  widely  dilated,  and  do  not 
react  to  light,  although  they  may  to  accommodation. 

The  ophthalmoscope  shows  an  absolute  anemia  of  the  fund  its.  The  pa]>illa 
is  chalky-white,  and  no  trace  of  retinal  vessels  can  be  discovered.  This 
remarkable  condition  is  accompanied  by  other  signs  and  symptoms  of  cincho- 
nisni,  although  permanent  blindness  is  excessively  rare.  In  severe  cases  the 
optic  nerve  rarely  recovers  entirely  from  the  poisonous  effects  of  the  drug,  and 
the  patient  henceforth  exhibits  decided  limitations  of  the  field  (Fig.  273),  often 
defective  central  vision,  and  usually  evidences  of  retinal  ischemia.  Usually, 
large  doses  of  the  drug  are  required  to  produce  amaurosis  ;  but  in  some  suscept- 
ible individuals  even  physiological  doses  have  produced  temjiorary  blindness. 

We  are  mainly  indebted  to  Brunner  and  de  Schweinitz  for  experimental 
proof  that  the  amaurosis  is  due  to  a  species  of  "  edema  of  the  optic-nerve 
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Fig.  273.— Normal  optic  nerve  of  a  dog,  transverse  section ;  X  125,  Weigert  stain  (de  Schweinitz). 


Fig.  274.-Optic  nerve  of  a  dog  blind  from  the  effects  of  qninin,  showing  almost  complete  atronhv 

X  125,  Weigert  stain  (de  Schweinitz).  *  •  ' 
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tissue  between  the  chiasm  ami  eyeball  and  the  intiueiu-c  of  (juiuiii  on  the 
vaso-niotor  aj)j)aratus,  which  cause  excessive  constriction  of  the  |)('ri])heral 
circulation,  and  finally  local  changes  in  the  vessels  (endovasculitis)  and 
atrophy  of  the  optic-nerve  fibers"  (Figs.  273  and  274).  De  Bono  believes 
that  qninin  intoxicates  the  })rotoplasniic  elements  of  the  retina,  acting  as  a 
depressant  })oison  on  the  rods  and  cones.  Holden  has  demonstrated  that  the 
primary  action  of  the  drug  is  upon  the  ganglion  cells  of  the  retina. 

The  treatment  of  (piinin-amaurosis  is  much  the  same  as  that  of  tobacco- 
amblyopia.    Nitrite-of-amyl  inhalations  give  temporary  relief. 


Figs.  275,  27fi.— Visnnl  fiolrls  from  GnieniriK's  case.   The  sliaded  areas  represent  the  limits  nf  the  fields, 
the  upper  map  three  and  the  lower  one  six  months  after  reeoveiy  from  complete  l)liii(lness. 


Ptomain -poisoning ;  Botulismus  ;  Allantiasis. — The  putrefactive 
alkaloids  found  in  "  high  "  game,  decomposed  sausngc,  uncooked  meat,  and 
rotten  fish  (as  well  as  the  leukoma'i'ns  of  poisonous  fungi,  snakes,  and  shell- 
fish) occasionally  produce  aml)lyo|)ia  as  one  of  thesym])toms  of  intoxication. 
Brieger  found  dhylencdiavi'in  to  be  the  active  princij)le  in  several  cases  of 
poi.soning  from  decomposed  food. 

Symptoms. — These  closely  resemble  those  of  belladonna-poisoning  ;  the 
dim  vision  is  transitory,  and  it  is  uniforndy  due  to  bilateral  paresis  of  accom- 
modation with  marked  mydriasis.  Ptosis  is  also  a  common  symptom.  All  the 
extrinsic  ocular  muscles  may  be  paralyzed,  from  bilateral  and  nearly  com- 
plete ophthalmoplegia  externa  to  paresis  of  a  single  muscle.  There  are  no 
fundus  changes.  When  death  does  not  occur  and  the  paralyses  ]iersist,  these 
are  the  result  of  basilar  meningitis  or  nuclear  hemorrhages.  The  treatment 
is  the  same  as  that  suited  to  atropin-poi.soning. 
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Male-fern  amblyopia  and  amaurosis  are  not  uncommon  from  acute  poi- 
soning with  tliis  drug-,  but  the  ocuhir  synijjtoins  (except  that  of  blindness) 
and  tlie  fundus  clianges  i-ecorded  liave  been  far  from  uniform.  Widely- 
dilated  pupils,  Ibllowed  by  optic-nerve  atrophy,  are  most  commonly  observed. 
De  Schweinitz  and  others' have  ex})erimented  on  the  lower  animals  with  nega- 
tive results;  but  ^'uel  and  otliers  liave  produced  optic-nerve  degeneration  by 
administering  extract  of  male-fern  to  animals. 

Toxic  Asthenopia. — Some  time  ago  the  writer  ventured  tlie  opinion 
that  tile  employment  of  certain  intoxicants,  some  of  them  drugs  and  beverages 
in  every -day  use,  is  not  infi-ecpicntly  followed  by  minor  defects  of  vision,  the 
true  nature  of  which  is  unsuspected  by  the  patient  or  his  medical  attendant. 
These  symptoms,  whicli  are  commonly  included  in  the  term  "asthenopia," 
show  themselves  es])ecially  as  a  decrease  in  the  amplitude  of  accommodation 
and  convergence.  Evidences  of  this  nuiscular  weakness  may  be  seen  in  the 
transient  intoxication  from  (juiiiin,  the  salicylates,  iodids,  bromids,  alcohol, 
tobacco,  coffee,  tea,  chocolate,  and  such  forms  of  decomposed  food  as  "  high  " 
game,  "strong"  cheese,  etc.  The  asthenopic  symptoms  occasionally  observed 
in  some  forms  of  dyspepsia  probably  also  constitute  a  toxic  amblyoj)ia  due  to 
ptomain-poisf)ning.  They  properly  belong  to  tliose  milder  types  of  allantiasis 
where  the  eye-signs  are  not  sufficiently  marked  to  be  recognized  by  the 
unskilled  observer. 

Hysterical  Amblyopia. — This  curious  form  of  blindness  is  most  com- 
monly observed  in  girls  and  women,  but  typical  examples  are  not  unusual  in 
men  and  children.  Tlie  most  constant  symjitom  is  amaurosis  of  one  eye 
without  fundus  changes.  This  peculiar  loss  of  visual  power  sometimes  fol- 
lows injuries  {traumatic  hyderia,  traumatic  neurosis)  in  hysterical  subjects,  but 
it  more  frequently  comes  on  without  warning.  The  pupil  usually  reacts  to 
light,  but  it  may  be  dilated  and  motionless.  The  patient  is  often  partially  or 
totally  color-l)lind.    Sometimes  there  is  a  central  scotoma. 

There  are  nearly  always  other  hysterical  symptoms  present,  especially 
hemianesthesia  (usually  variable  and  incomplete)  of  the  aftected  side,  loss  of 
the  pharyngeal  and  corneal  reflexes,  ptosis,  monocular  diplopia,  micropsia 
and  megalopsia  and  blepharospasm.  The  field  for  red  and  green  is  often 
larger  than  that  for  white.  Sometimes  there  is  complete  reversal  of  the  nat- 
ural order  of  the  color-fields,  blue  or  white  being  smallest,  red  next  in  size, 
while  the  field  for  green  is  largest  of  all  (for  diagrams  see  page  487). 

Diag-nosis. — This  is  sometimes  difficult,  especially  in  recent  cases.  It  is 
well  known,  for  example,  that  the  hysterical  amblyope  can  be  made  to  see. 
An  instance  of  this  occurred  in  a  case  known  to  the  writer  wdiere  an  hysterical 
subject  sued  for  damages  on  account  of  injury  to  the  head  causing  blindness 
to  the  right  eye.  Malingering  was  set  up  as  a  defence,  because  it  was  show^n 
that  the  patient  saw  with  the  supposed  blind  eye  when  examined  by  prisms 
and  a  light  at  twenty  feet.  In  all  cases  of  unexplained  monocular  })lindness 
without  fundus  alterations  hysteria  should  be  suspected,  and  one  should  be 
on  the  lookout  for  its  other  manifestations. 

Prognosis  is  favorable,  but  the  amaurosis  may  persist  for  years.  Treat- 
ment should  be  directed  to  the  hysterical  state  generally.  Electricity,  mas- 
sage, outdoor  exercise,  and  tonics  furnish  the  best  results. 

Pretended  Amblyopia ;  Malingering.— It  is  comparatively  easy  to 
detect  a  pretended  monocular  aml)lyopia  or  amaurosis,  but  difficult  to  uncover 
the  deception  of  the  person  who  claims  to  be  blind  in  both  eyes.  He  may 
be  exposed  by  watching  him  when  he  does  not  expect  it,  by  flashing  a  bright 
light  on  his  face,  or  by  making  feints  to  strike  him,  for  the  purpose  of  elicit- 
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ing  the  lid  or  iris  reflex.  As  Swanzy  points  out,  one  cannot  depend,  for 
detection  of  the  malingerer,  upon  the  pupilhiry  reactions,  because  the  j)uj)ils 
contract  to  light,  even  when  the  patient  is  (piite  blind,  if  the  lesion  be  situated 
at  the  cortical  center  or  in  the  fibers  that  connect  it  with  the  corponi  (juadri- 
geniina.  llecently  l*riestley  Smith  and  E.  fhuiksoii  have  suggested  a  simple 
test  for  feigned  binomlar  blinihusx :  Place  a  lighted  candle  in  front  of  the 
subject;  now  hold  a  six-degree  ])rism  with  its  base  to  the  temple  before  one 
eye;  if  both  eyes  see  the  one  behind  the  prism  will  move  inward,  and  on 
removing  the  j)rism  will  move  outward,  the  other  eye  remaining  fixed. 

Many  plans  have  been  devised  for  the  detection  of  simulated  monocalar 
blindness,  but,  on  the  whole,  Snc/fcn's  co/ored-tetfcr  ted  for  distant  binocular 
vision  is  the  most  valuable.  The  inspect  t^hou/d  be  watched  that  he  does  not 
close  the  alleged  blind  eye  during  the  examincdion.  A  frame  holding  trans- 
parent letters,  colored  alternately  I'cd  and  green  and  ada])t(!d  to  five  or  six 
meters'  distance,  is  hung  in  a  window  or  is  highly  illuminated  from  behind. 
A  reversible  spectacle-frame,  fitted  with  a  ])lane  red  glass  on  one  side  and  a 
green  glass  on  the  other,  is  ))laced  on  the  subject's  face.  The  red  letters  can 
be  distinguished  only  by  the  eye  covered  with  tin;  red  glass  (which  shuts  out 
the  green  rays),  and  the  green  letters  can  be  read  through  the  green  glass 
only,  because  the  red  glass  cuts  off  the  green  rays.  If  the  subject  reads  red 
and  green  types  with  both  eyes  open,  or  during  several  trials,  reads  letters  of 
a  color  that  does  not  correspond  with  that  of  the  glass  in  front  of  his  admit- 
tedly sound  eye,  he  must  have  seen  with  the  alleged  blind  eye. 

Dr.  Harlan  has  suggested  that  a  +  16D.  lens  be  placed  before  the  eye 
acknowledged  by  the  subject  to  be  normal,  and  a  —  0.25  D.  sphere  before  the 
alleged  blind  eye.  The  suspect  is  now  asked  to  read  the  ordinary  distant- 
test  types.  If  he  succeeds,  he  is  a  malingerer,  because  the  high-degree  con- 
vex lens  has  made  it  impossible  for  him  to  see  with  the  sound  eye,  and  of 
course  the  weak  concave  glass  does  not  interfere  wdth  vision.  An  additional 
control  test  may  now  be  made  by  placing  a  book  or  a  towel  over  the  +  16  D. 
lens.  The  malingerer  will  declare  his  inability  to  read  any  of  the  letters, 
thus  further  exposing  his  attempted  fraud. 

Prism  or  diplopicL  tests  are  advised  by  some  observers.  The  subject  is 
seated  before  a  point  of  light  six  meters  distant.  The  supposed  blind  eye 
is  covered  with  a  frosted  glass,  and  the  apex  of  a  6°  prism,  directed  up  or 
do\vn,  is  slowly  advanced  to  the  pupillary  center  of  the  sound  eye,  and  the 
susj)ected  person  is  asked  to  recognize  the  double  images  of  the  monocular 
diplo])ia  thus  produced.  This  maneuver  is  repeated,  with  the  })rism  pointed 
in  various  directions,  until  he  becomes  accustomed  to  the  idea  of  dij^lopia. 
A  weak  concave  lens  is  now  substituted  for  the  frosted  glass,  and  the  suspect 
is  examined  by  Stevens's  ])horometer  or  by  simple  prisms  in  the  manner 
commonly  advised  for  testing  the  extrinsic  ocular  muscles.  If  he  now 
perceives  double  images,  he  must  see  binocularly,  and  may  be  pronounced 
a  malingerer. 

Snow-blindness. — This  is  a  form  of  amblyopia  ))roduced  by  the  blind- 
ing reflections  of  the  sun  upon  the  naked  eye  of  ])ersons  (usually  strangers) 
exposed  to  the  brilliant  snow-fields  of  northern  latitudes  or  mountain-resorts. 
The  dazzling  at  length  causes  contracted  })U|)ils  and  retinal  congestion. 
Central  and  jieripheral  limitations  of  the  field  of  vision  have  been  observed, 
as  well  as  a  lessening  of  the  visual  acuity,  especially  for  near  work. 

The  most  common  effect  of  this  exposure  is,  how^ever,  a  peculiar  form  of 
hyperemia  and  edema,  of  the  conjunctiva.  This  is  accompanied  by  swollen 
lids,  lachrymation,  burning  pain  in  the  eyeballs,  photophobia,  and  blepharo- 
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;^pasm— syiuptoins  attributed  to  "  suii-burn  "  rather  than  to  tlie  effects  of  the 
liuht-rays.  T'he  w  riter  has  liad  occasion  to  study  various  gnuU's  of  suow- 
hiindness  in  Nortiieru  (  ana(hi  and  among  tlie  members  of  a  party  who  spent 
some  time  on  the  Mer  de  (ihu't'. 

Tlie  liglit-rays  from  electric  furnaces  and  arc  candles  are  ca])al)le  of  i)ro- 
ducing  practicailv  the  same  symptoms,  constituting  the  so-called  electric 
op/it/i(i(iiii(i.  Those  who  are  nnich  concerned  with  the  Rontgen  A'-rays  may 
suiter  in  a  similar  manner. 

The  eyes  remain  sensitive  to  light  and  show  signs  of  retinal  fatigue  for 
some  days,  and  the  conjimctivitis  may  persist,  requiring  treatment  pro])er  to 
that  condition.  i\est  in  a  darkened  room,  with  atropin  and  liot  applications, 
seems  to  give  most  relief  to  the  retinal  and  corneal  symptoms. 

Krythropsia,  or  red  rixio)i,  is  most  commonly  seen  after  cataract  extrac- 
tion. It  has  also  been  observed  in  ])oisoning  by  santonin  (which  may  also 
produce  .r<(iif/i(>j),si((  or  i/vl/oic  vision),  and  as  a  ])hospliene-ex})erience  in  j)er- 
sons  suH'ering  from  optic-nerve  atrophy  and  glaucoma.  These  exhibitions  of 
color  may  be  due  both  to  central  irritation  and  to  excitation  of  the  retinal 
elements.'  Potassium  bromid  has  been  recommended  for  this  symptom.  After 
cataract  extraction  |)atients  often  comjdain  of  a  "glaring  white  haze"  which 
seems  to  cover  all  objects.  An  unconuuon  phenomenon,  described  by  Becker 
and  Swan  M.  ]>urnett,  is  kyanojma,  or  blue  vi,^ion.  According  to  the  latter 
author,  it  is  especially  observed  by  patients  with  more  or  less  amber-colored 
cataractous  lenses,  the  blue  appearance  depending  upon  fatigue  of  the  retina 
from  long-continued  exposure  to  yellow  light,  giving  blue  as  a  residual  sen- 
sation in  white  light." 

Micropsia  and  Megalopsia. — In  hysteria,  in  some  diseases  affecting 
the  macular  region,  and  after  the  correction  of  marked  ametro])ia,  objects 
may  appear  smaller  or  larger  than  usual,  and  these  visual  abnormalities  are 
sometimes  accompanied  by  distortion  of  the  images.  In  the  foregoing  class 
of  cases  the  rods  and  cones  are  either  actually  separated  or  pressed  together 
as  a  consequence  of  retinal  infiltration,  or  the  contrast  effect  of  corr<^cted 
refractive  errors  may  convey  the  impression  of  altered  size.  As  Parinaud 
has  shown,  when  these  })henomena  are  experienced  by  hysterical  amblyopes 
they  are  probably  the  effect  of  a  variable  ac^commodative  spasm. 

Night-blindness  {Functional  Nighf-blindness  ;  Ilcmeralopia ,^  i)referably 
Nt/cf((lopi(i). — I'liis  symptom  is  seen  as  a  functional  disturbance,  prol)ably  due 
to  diminished  sensibility  of  the  retina  or  rather  imperfect  adaptation-powers 
of  the  retina,  unassociated  with  visible  change  in  the  backm-ound. 

It  has  been  observed  as  an  epidemic  affecting  scorbutic  soldiers  and 
sailors  who,  in  addition  to  insufficient  feeding,  have  been  exposed  for  a  long 
time  to  the  glare  of  the  sun.  Simeon  Snell  has  seen  it  among  the  pu]>ils  of 
the  P^nglish  i)ul)lic  schools.  Among  the  ])oor  and  ill-nourished  Russian 
peasants  night-blindness  has  been  fre(|uently  noticed,  ])articularly  during  the 
fasts  of  Lent.  It  has  been  attributed  to  miasmatic  influences  by  Adamiick. 
Not  only  do  nyctalopes  see  badly  on  dull  or  dark  days  and  well  on  bright 
days,  but  they  suffer  from  other  ocular  troubles,  the  chief  of  which  is  a 
peculiar  wasting  disease  of  the  conjunctiva — xerophthalmia  (see  page  296). 

The  treatment  of  the  condition  that  gives  rise  to  the  night-blindness  is 

'The  reader  will  do  well  to  consult  Fuclis's  paper  on  this  subject  in  Graefc's  Archiv  f'tir 
Ophthahnnlogie,  Kd.  xlii.,  nhth.  iv.,  or  the  review  of  it  bv  W.  Dudlov  Hall  in  the  Ophihafmic 
Record,  f^eb.,_1897.  2  Ophthalmic  Record,  vii.,  N.  S.,  1898,  p.  17. 

^  See  a  discussion  of  the  derivation,  authoritative  employment,  and  proper  definition  of  these 
terms  in  the  Roycd  London  Ophthalmic  Hospital  Reports,  yo\.\.  Part  ii.,  June,  1881,  p.  284. 
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called  for — a  generous  diet,  ferruginous  tonics,  cod-liver  oil,  hygienic  sur- 
roundings, and  protection  from  bright  light. 

Day-blindness  {Niictalopia,  preferably  Jlemeralopi(i). — In  almost  all 
the  forms  ot"  central  amblyo})ia  (see  page  4G0)  patients  see  best  on  dull  days 
or  in  a  dindy-lighted  room.  The  explanation  of  tliis  is  that  with  a  weaic 
illumination  the  pupils  are  dilated,  and  most  rays  fall  upon  unaffected  por- 
tions of  the  retina  :  l)right  light,  on  the  other  hand,  contracts  the  pupils  and 
the  asensitive  foveal  region  only  is  presented  to  objects.  Persons  from  Nvhom 
light  has  long  been  excluded  exliibit  tliis  sym])tom,  and  it  is  said  to  be  con- 
genital in  others. 

Hemeralopia  also  occurs  in  retinitis  nyctalopia,  coloboma  of  the  iris,  and 
in  albinism. 


AMBLYOPIA  OF  THE  VISUAL  FIELD,  SCOTOMAS, 

AND  HEMIANOPIA. 

By  H.  V.  WUIIDEMANN,  M.  D., 

OF  MILWAUKEE,  WIS. 


THE  NORMAL  FIELD.' 

The  field  of  vision  is  that  sj)ace  perceived  when  the  visual  axis  is 
directed  to  a  stationary  ])oint.  AV'hen  botli  eyes  are  used  the  fields  overlap, 
forming  the  binocular  field  or  field  of  fixation  (Figs.  277,  278). 

  J'ixa&irtPoint. 


Xeft  ei/e.  ^^>;^„<i:^'*'^   Jiu/?il  eye. 

Fio.  277.— The  hinoonlar  field  of  vision  (after  Focrster).*  The  tracts  from  the  ripht  brain  are  in  red, 
those  from  tlie  left  brain  in  blue.  The  corresponding  retinal  halves  and  their  fields  of  vision  are  corre- 
spondingly colored. 

The  object  fixed  is  within  the  range  of  direct  vision,  the  rays  of  light  fall- 
ing directly  u])()n  tlie  macula ;  those  coming  from  surrounding  objects  fall 
upon  other  parts  of  the  retina  whicli  liave  indirect  vision.  Tlie  visual  acuity 
diminishes  as  images  are  removed  from  the  macula  to  the  ])eriphcry  of  the 
field.  The  normal  field  of  vision  is  more  or  less  constricted  at  the  upper 
and  nasal  sides  by  the  eyebrows  and  nose,  forming  the  upper,  inner,  and  lower 
limits  of  the  field,  the  outer  ])roceeding  in  normal  eyes  to  a  little  beyond  90° 
from  the  fixation-])()iMt.  Form  and  white  are  most  eccentric,  followed  in 
order  by  blue,  yellow,  red,  and  green  (Fig.  279).  Overhanging  eyebrows 
or  a  large  nose  materially  limit  the  field.  If  the  chart  be  im])ro]>erly  taken, 
as  when  the  patient  does  not  hold  his  head  erect,  does  not  fix  the  sight- 
hole  of  tlu!  perimeter,  or  nij)s  the  eyebrows  or  eyelids,  variation  may  be 
found. 

At  the  temporal  side  of  the  fixation-point  from  10-20°  is  the  physiologic 
Wind  Hj)()f,  or  .scotoma  of  Murloffc  ( Fig.  279).  By  careful  examination  with  very 
small  test-objects  other  blind  spots  may  be  found  which  corres])ond  to  the 
places  of  division  of  the  large  retinal  vessels.  The  physiologic  scotoma  may 
be  larger  or  smaller  according  to  the  size  of  the  nerve-head.    In  case  of  con- 

'  The  field  of  vision  lias  been  fully  discussed  on  page  99  and  on  pages  162-1 G9;  but  for 
the  convenience  of  the  reader  and  to  facilitate  comparison  with  the  abnormalities  of  the  visual 
field  which  follow,  a  brief  resume  of  the  subject  is  here  introduced  (Ed.). 
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tiniuince  of  the  medullary  fihers  of  the  disk  the  spot  may  be  very  large, 
including  even  the  tixation-point  (Figs.  280  and  29G).    As  this  is  covered  by 


m 

Fig.  278.— Binocular  field  of  both  cj-es  (after  Knies):^  X,  left,  R,  right  half  of  the  field  of  vision 
divided  by  the  vertical  line  a-h,  which  passes  through  the  point  of  fixation  F.  The  vertical  strip  is  the 
overlapping  portion  of  the  field  of  vision. 

the  visual  field  of  the  other  eye  in  binocular  vision,  the  existence  of  this  spot 
is  not  noticed. 


90' 


270' 

Fig.  279.— Diagram  of  normal  field  for  form,  white,  and  colors:  The  outer  continuous  line  indicates  the 
limit  of  the  field  for  form  and  white,  the  dotted  lines  for  the  colors,  blue,  red,  and  green. 

Althougli  the  fovea  centralis  is  tlie  point  of  best  vision,  yet  astronomic 
observation  has  shown  that  feebly-reflecting  stars  are  better  seen  when  the 
vision  is  directed  a  little  to  one  side,  for  the  fovea  is  less  sensitive  to  both 
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Fig.  280.— Physiologic  scotoma  (after  Baas) :  •  o,  normal  blind  spot  (after  Helmholtz) ;  h,  persistent  opaque 

norvu-fibers  ;  c,  normal  blind  spot. 

lit^lit  and  color  in  diminished  light  than  the  retina  immediately  surround- 
ing  it.' 

ANOMALIES  OF  THE  VISUAL  FIELD. 

Anomalies  of  the  visnal  field  occur  as  symptoms  of  disordered  conditions 
which  themselves  are  manifestations  of  well-recognized  affections,  such  as 
diseases  of  the  eye,  of  the  visual  centers,  or  of  their  connections,  which  may  be 
due  to  trauma,  cere])ral  or  s]>inal  affections,  and  which  may  in  their  turn  be 
part  of  some  general  infection  or  condition. 

Besides  amhh/npid  (loss  of  vision)  and  amaurosis  (blindness),  which  occur 
in  connection  with  actual  anomalies  of  the  visual  field,  there  exist  two  distinct 
grou])s  of  anomalies  (for  amblyopia  and  amaurosis,  see  page  457). 

I.  Contraction  of  the  visual  field,  which  may  be  rf^/u/ar  (concentric), 
irregiild r  (eccentric),  and  xecfordl.  These  defe(!ts  may  be  due  to  local  as  well 
as  central  lesions.  There  is  also  a  characteristic  form  occurring  in  both  eyes, 
with  symmetrical  obliteration  of  halves  of  the  visual  field — true  Jicmianopia 
— due  to  lesion  within  the  cranial  cavity. 

II.  Scotottiata,  a  group  characterized  by  formation  of  scotomata  or 
blind  sj)ots  in  one  or  botli  eyes,  in  some  instances  having  a  luMuianopic 
asj)e('t.  The  pos^itirc  scotoma  is  seen  by  the  patient  as  a  dark  or  black  spot 
upon  objects.    In  the  former  case  it  is  relafirc,  in  the  latter  (ihmluic. 

The  iier/afive  scotoma  is  not  at  first  recognized  by  the  ]iatient,  but  is  de- 
velo])ed  through  the  examination.  A  typical  example  of  this  is  the  normal 
blind  s))ot.  The  scotoma  may  occu])y  various  po.sitions,  be  single  or  multi])le, 
central,  ])ara-  or  ])ericentral,  or  may  hav(^  a  circular  form,  the  so-called  ring 
scotoma  (see  also  ]xige  1G9). 

The  special  affections  of  the  organ  of  vision  in  which  anomalies  of  the 
visual  field  occur  are — 

I.  Optic  hindrance  in  the  refractive  media  ;  TT.  Diseases  of  the  retina  ; 
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III.  Diseases  of  the  choroid  ;  IV.  Glaucoma  ;  V.  Diseases  of  the  optic 
nerve;  VI.  Diseases  of  the  ciiiasin  ;  W\.  Diseases  of  the  optic  tract  from 
the  chiasm  to  the  visual  centers  ;  VIII.  Functional  diseases  and  nerve- 
lesions  of  different  kinds. 

Changes  in  the  Visual  Field  due  to  Optic  Hindrance. — Foreign 
bodies  or  opacities  in  the  cornea,  lens,  vitreous  (Fig.  ^<^1),  oi'  outer  layers  of 
the  retina  may  be  attended  by  obscuration  of  vision  through  optic  hindrance, 
and  cause  amblyopia,  contraction  of  the  visual  held,  and  scotoma. 

Trauma  of  the  eyeball  may  be  followed  by  either  destruction  of  tissue 
and  bleeding,  or  both,  causing  changes  in  the  visual  field.  Fre-retinal  hem- 
orrhage causes  dimimition  of  the  visual  field  and  absolute  or  relative  scotoma 
(Fig.  ^282). 


90'  90' 


Fig.  281.— Sectoral  conti-actiou  due  to  pre-  Fig.  282.— Central  absolute  and  relative  sco- 

retinal  hemorrhage  and  foreign  body  in  vitreous  toma  due  to  retinal  hemorrhage  in  congenital 

after  injury  by  gunpowder  explosion.  syphilitic  chorio-retinitis. 

Changes  in  the  Visual  Field  in  Diseases  of  the  Retina. — 

Changes  in  the  nutrition  of  the  retina  and  choroid,  such  as  occur  in  night- 
blindness,  produce  amblyo})ia,  which  is  especially  noticeable  in  diminished 
light,  together  with  contraction  of  the  visual  field,  particularly  noticeable  for 
blue  ^  (Figs.  283  and  284  (see  also  page  468)). 


Fiii.  283.  — Concentric    contraction   in   chronic  Fi(i.  281.— (ireat  concent ric  contraction  with 

night-blindness.  ovcrlapi>ing  of  blue  field,  and  grcen-blindncss  in 

chorio-retinitis  i)igmentosa,  with  nyctalopia. 

Embolism  of  the  central  artery  of  the  retina  and  flwomhofiis  of  the  central 
vessels  give  rise  generally  to  amaurosis,  proceeding  to  complete  blindness,  but 
where  the  blood-stream  is  not  completely  cut  off  the  vision  is  diminished  and 
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Fig.  'J85.— Central  scotoma  in  partial  embolism 
of  the  central  retinal  artery,  occurring  during 
menstruation. 


Fig.  286.— Paracentral  scotoma  witli  second- 
ary contraction  of  the  visual  field  and  enlarge- 
ment of  the  scotoma,  following  foreign  body  in 
the  retina  (after  Baas).i 


the  field  contracted,  together  with  formation  of  scotoma,  Avliich  is  generally 
central  (Fig.  285). 


i¥o  Cefftni/ 


Fig.  287.— Typical  constriction  of   field  due  to 
peripheral  detachment  of  the  retina. 


Fio.  288.— Typical  contraction  of  visual  field  due 
to  circular  detachment  of  the  retina. 


Hemorrhages  into  the  retinal  strnctnre  ])roduee  scotoma  or  irregular  con- 
traction of  the  visual  field,  the  amount  depending  upon  the  extent  of  the  lesion. 


Fig.  289.— Absolute  and  relative  para- and  pericentral  scotomata  in  neuro-retinitis  albuminurica  occur- 
ring during  pregnancy. 

Forcif/11  bodice  in  the  retina  cause  scotoma  (Fig.  286). 
Detachment  of  the  retina  from  traumatism  or  in  myopia  is  attended  by 
characteristic  defects  according  to  its  extent  (Figs.  287,  288). 
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Rvtiniti'i  alhnininuricd,^^  (li((b('fic(t,  aiitl  circliiafa  are  attended  by  scotoma 
(Fig.  289),  usiuiUy  central,  and  are  followed  in  their  retrogressive  stages  by 
atrophy  of  the  retina  and  nerve,  with  amblyopia  or  amaurosis  and  contraction 
of  the  visual  field. 

Changes  in  the  Visual  Field  in  Diseases  of  the  Choroid. — 
Clrculaton/  didiirbanccs  and  changes  in  the  nutrition  of  the  choroid  produce 
characteristic  changes  (Figs.  290,  291).  C'oloboma  of  the  ciioroid  is  attended 
by  sectoral  defects  and  usually  scotoma  (Kig.  290).  Rupture,  hemorrhages, 
and  tumor  '^^  of  the  choroid  give  rise  to  defects  depending  u])on  the  extent  of 
the  lesion  (Fig.  291). 


Fig.  290.— Sectoral  contraction  of  the  visual 
field  and  enlarged  blind  spot  due  to  typical  colo- 
boma  of  the  choroid  and  stapliyloma  posticum. 


Fig.  291.— Sectoral  contraction  of  the  visual 
field  simulating  vertical  heiuianopia  in  sarcoma 
of  the  choroid. 21 


Choroiditis,  especially  the  exudative  form,  usually  causes  multiple  scotom- 
ata  (Fig.  292)  whi(di  are  absolute  or  relative.  By  their  coalescence  larger 
scotomata  are  formed  which  may  even  take  a  peculiar  ring  form  (Fig.  293). 
The  visual  fields  may  likewise  be  greatly  reduced.  If  the  choroiditis  be  at 
the  macula,  central  scotoma  will  be  developed. 


Fig.  292.— Para-  and  pericentral  scotomata  in 
exudative  disseminated  choroiditis. 


Fig.  293.— Absolute  and  relative  ring  scotoma  in 
sypliilitic  (•iiorio-relinilis. 


Chorio-retinitis  ])igmentosa  is  usually  attended  by  great  contraction  of 
the  visual  field  and  amblyo|)ia,  (Figs.  294,  295).  In  myopia  sta])hyloma 
posticum  may  develop,  and  the  blind  spot  be  rendered  abnormally  large 
thereby,  so  that  it  mav  even  extend  to  the  fixation-point.  In  senile  atrojihy 
of  the  choroid  central  scotoma  and  reduction  of  the  visual  fields,  with  am- 
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blyopia,  result  (Fig.  295),  the  shape  of  the  scotoma  bearing  a  relation  to  the 
shape  of  the  atrophic  area. 


Changes  in  Glaucoma. — In  glaucoma  there  is  often  a  characteristic 
reduction  of  the  fields  toward  the  nasal  side ;  but  many  other  ty])es  of  visual- 
field  disturbance  are  common  (for  visual  fields,  see  ])ages  380  and  381). 

Changes  in  Affections  of  the  Optic  Nerve. — Changes  in  the  visual 
fields  generally  occur  in  affections  of  the  oj^tic  nerve.  The  principal  con- 
genital defect  is  coloboma  of  the  nerve  and  its  sheath,  and  is  attended  by 
enlargement  of  the  blind  spot  (Fig.  29(j). 

In  traumatism  with  rupture  or  bleeding  into  the  nerve  f  Fig.  297)  and  in 


Fk;.  200.— rcntrjil  and  ))araccntrnl  absolute  scotoinata, 
witli  large  relative  contral  scotoma  and  ])reservation  of 
small  seetor  of  superior  nasal  (|uadrant  in  coloboma  of 
tlie  oi)tic  nerve  and  retina  with  persistent  opaque  nerve- 
libers.'^ 


Fin.  2!)7.— Relative  sectoral  scotoma  from 
traumatism  of  the  oi>tic  nerve  and  hemor- 
rhage in  the  optic  foramen. 


tumors  of  the  nerve  there  is  usually  found  a  sectoral  defect,  -with  amblyopia 
and  contraction  of  the  visual  field  resulting  in  atro])hy.  Diseases  affect- 
ing the  intraocular  end  of  the  o])tic  nerve,  such  as  ])apillitis,  cause  decided 
changes  in  the  visual  field,  depending  upon  the  amount  of  optic  interference 
caused  by  the  swelling  and  bleeding  into  or  destruction  of  the  nerve-tissue. 
The  blind  spot  is  usually  much  enlarged  (Fig,  298).  The  relation  be- 
tween the  o))hthalmoscopic  apjiearances  and  the  visual  acuity  is  frequently 
not  commensurate.  Tliese  cases  usually  terminate  in  atrophy  with  contraction 
or  sectoral  defect  and  scotomata. 
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Rvtro-bulbar  ncuro-rdlnith,  or  toxic  (Diihlyophi  is  usually  iittcndod  by 
central  scotoma  due  to  iuiplication  of  the  axial  fibers.  (It  is  fully  discussed 
on  page  4()1.) 

Atfophy  of  the  Optic  Nerve. — Many  cases  coniing  undctr  the  foregoing 
result  in  sclerotic  changes  in  the  optic  nerve.    However,  it  is  known  that  a 


large  proportion  of  eases  with  diminished  vision,  due  to  atrophy  of  the  nerve- 
fibers,  are  associated  with  sclerotic  changes  in  the  spinal  cord.  Among  these 
is  atrophy  due  to  tabes,  which  in  many  instances  is  a  premonitory  sign  of 
this  disease.'"  Various  forms  attended  by  non-characteristic  changes  in 
the  visual  field  occur  in  multiple  sclerosis,  progressive  paralysis,  syringo- 
myelia, amyotrophic  lateral  sclerosis,  exophthalmic  goiter,  cerebral  syphilis, 
degenerative  changes,  and  different  mental  diseases.^ 

The  visual  field  in  o])tic-nerve  atrophy  is  usually  constricted,  and  the 
contraction  for  color  greater  than  that  for  form  and  white  (Fig.  299).  The 


color-sense  may  be  entirely  absent,  and  yet  the  field  be  of  moderate  extent 
(Fig.  300).  Scotomata  may  appear.  The  atrophy  and  conseciuent  loss  of 
sight  may  proceed  for  a  while  {stationary  optic-nerve  atrophy),  and  then 
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L.E.  Pf'. 


170'  no^ 


Fig.  301.— Fields  of  vision  in  licreditai  v  atropliy  sliowinj?  sectoral  defect  of  the  right  and  relative 
scotomatouK  defect  of  the  left.  The  latter  is  i)rogressing  and  w  ill  terminate  in  the  same  form  of  held  as 
that  of  the  right. 

definitely  stop,  or  may  progress  to  absolute  blindness  (progressive  optic-nerve 
atrophy).  A  peculiar  progressive  form  associated  with  scotoma  {hereditary 
atrophy)  comes  on  usually  between  twenty  and  thirty  years  of  age  (i'^ig.  301). 

THE  VISUAL  PATHWAY. 

The  visual  tract  or  jiathway  (see  Fig,  302)  ])roceeds  from  the  retina  to  its 
final  termination  in  the  brain,  the  separate  subdivisions  of  nerve-fibers  lying 
in  different  relations  at  different  portions  of  its  course. 

The  peripheral  percipient  elements  in  the  retina  are  the  rods  and  cones,  ■which  are 
connected  by  fibers  with  the  outer  and  inner  granular  layers,  which  in  the  region  of"  the 
macula  lutea  are  very  fine  and  anastomose  freely,  and  cannot,  as  elsewhere,  be  separately 
traced.  The  anatomic  relations  of  the  optic  nerve-fibers,  as  given  by  Hensclien  and 
described  by  Wilbrand,'^'^  are  as  follows  : 

(rt)  The  macular  bundle  lies  ventro-laterally  in  the  papilla  and  also  immediately 
behind  it.  At  the  latter  place  it  forms  a  keystone-shaped  sector,  with  its  base  turned 
toward  the  pial  sheath  and  its  point  toward  the  central  vessels. 

Farther  back  this  bundle  is  halfmoon-shaped.  Still  farther  back  it  takes  the  form 
of  an  upright  oval  and  a])proaches  nearer  the  axis  of  the  optic  nerve.  In  the  optic 
foramen  it  assumes  an  axial  position,  and  in  front  of  the  chiasm  the  form  of  a  liorizontal 
oval.  The  macular  bundle  contains  crossed  and  uncrossed  nerve-fibers.  In  front  in  the 
papilla  the  crossed  fibers  lie  ventrally  and  the  uncrossed  ones  more  eccentrically,  being 
in  proximity  to  the  other  uncrossed  fibers.  The  fibers  spread  over  the  retina.  Farther 
back  the  macular  fibers  become  drawn  together  toward  the  center.  The  dorsal  half  of 
these  fibers  goes  to  the  dorsal  half  of  the  retina,  whilst  the  ventrally-placed  fibers  go  to 
the  ventral  half 

{b)  The  uncrossed  (not  the  macular)  bundle  is  divided  in  the  anterior  division  of 
the  optic  nerve  into  two  fascicles — a  dorso-lateral  uncrossed  dorsal  part  and  a  ventro- 
lateral uncrossed  ventral  portion.  In  the  lamina  cribrosa  these  fibers  are  separated  by 
the  macular  bundle.  Behind  the  entrance  of  the  central  vessels  the  fascicles  approach 
one  another  and  form  a  united  halfmoon-shaped  bundle,  which  includes  the  lateral 
periphery  and  lies  somewhat  ventro-laterally. 

(c)  The  crossed  bundle  (not  macular)  forms  a  closed  cord  in  the  whole  optic  nerve. 
In  the  papilla  it  is  situated  dorso-medially,  and  retains  this  position  until  it  passes  the 
chiasm. 

The  papillo-macular  bundle,  which  reaches  the  chiasm  in  the  shape  of  an  oval 
lying  horizontally,  retains  its  central  jwsition  until  it  reaches  the  chiasm.  Farther  back 
toward  the  center  of  the  chiasm  it  almost  reaches  the  periphery,  and  here  the  fibers 
belonging  to  the  fasciculus  cruciatus  cross  one  another.  It  sinks  once  more  and  lies 
ventro-centrally  in  the  tract.  The  crossed  fibers  of  this  bundle  lie  more  centrallv  and 
the  uncrossed  ones  more  laterally.  "  ' 

When  a  cross-section  of  the  optic  tract  is  made  immediately  in  front  of  the  chiasm 
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it  will  be  found  that  the  crossed  fibers  occupy  the  dorso-iuedial  part  of  the  periphery  of 
the  sectiou,  and  the  uncrossed  fibers  are  situated  in  the  ventro-medial  portion  of  the 
periphery  of  the  section.-  The  bundles  then  become  divided  into  a  number  which  are 
flattened  horizontally,  and  these  intermix  with  one  another.  The  crossed  fiber-bundles 
come  together  again  at  the  ventro-lateral  margin  of  the  chiasm,  forming  the  tract. 
Then  there  is  a  disi>lacement.  The  crossing  does  not  take  place  all  at  one  point,  but 
the  dorsal  nerve-fiber  bundles  first  cross,  followed  by  the  more  centrally-situated  ones. 
At  the  posterior  angle  of  the  chiasm  the  commissural  nerve-fibers,  described  by  vou 
Gudden,  Meynert,  and  Forel,  which  have  no  influence  on  vision,  are  found. 

The  macular  bundle  courses  centrally  in  the  tract.  The  uncrossed  bundle  lies  dorso- 
laterally,  forming  a  close  cord.  The  bundles  retain  this  position  until  they  enter  the  cor- 
pus geniculatum,  where  they  separate  into  a  mass  of  separate  fibers.  The  crossed  bundle 
lies  ventro-medially,  and  forms  a  bundle  which  lies  slantingly  and  hangs  loosely  together. 

The  tractus  winds  around  the  crm^  cerebri,  and  terminates  in  two  roots  upon  the 
corpora  geniciilata  externa  and  interna,  and  upon  the  posterior  part  of  the  optic  thalamus, 
called  t\\e.  pulvinar.  Fibers  also  go  to  the  anterior  part  of  the  corpora  quadrigemina,  but 
these  organs  are  not  regarded  as  concerned  in  vision,  but  in  the  activity  of  the  pupil. 
The  parts  just  referred  to  are  called  the  primary  visual  (janglia,  ov  primary  optic  centers. 

In  them  are  found  innumerable  ganglion-cells  in  which  the  fibers  of  the  tractus  lose 


Fig.  302.— Scheme  of  the  optic  tract  (after  von  Monakow).'' 

themselves,  and  thereafter  a  new  set  of  fibers  proceeds  backward  through  the  posterior 
part  of  the  internal  capsule  to  the  cortex,  under  the  name  of  the  visual  radiations,  or 
fibers  of  Gratiolet  or  of  Wernicke.  Passing  through  the  internal  capsule,  they  cross  the 
sensitive  fibers  coming  down  from  the  hemisphere,  are  rather  closely  massed,  and  then, 
spreading  out  like  a  fan,  rise  upward,  wind  outside  the  tip  of  the  lateral  ventricle  to 
reach  their  destination  at  the  lower  part  of  the  median  surface  of  the  occipital  lobe 
(Fig.  302). 
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DISEASE  WITHIN  THE  CRANIUM. 

Diseases  of  the  brain  aH'cctiii<^  tlie  optic  nerve  or  tracts  give  rise  to  cha- 
racteristic lesions.  Optic  neuritis  is  common,  althougli  not  a  constant  symp- 
tom of  brain-tumor.  It  is  attended  by  changes  in  the  visual  field,  ah-eady 
described. 

Hemianopia  or  Hemianopsia. — Hemianopia,  or  half-blindness  of 
the  visual  field,  resulting  from  a  localized  cause,  is  common  to  both  eyes.  If 
the  obliterated  half  be  toward  the  same  side  in  both  eyes,  it  is  called  homomj- 
moux  (lateral  hemianoi)ia) ;  if  the  oi)posite  sides  be  afiected,  it  is  called  /idcroin/- 
mofis  (nasal  or  temj)oral).  The  term  hemianopia  should  be  limited  to  half- 
blindness  aH'ecting  ho(/i  eyes.^  Sectoral  defects  simulating  hemianopia  may 
arise  in  one  or  both  eyes  (Figs.  281,  287,  290,  291,  297)  from  diseases  of  the 
optic  nerve  or  retina,  but  are  not  to  be  considered  in  this  connection. 

The  hemianopia  may  include  half  of  the  fields  {complete),  or  affect  sectors 
(incomplete  or  jKU-tuil),  or  involve  one-half  of  the  field  on  one  side  and  a 
sector  in  the  other,  or  the  blindness  may  occur  in  the  whole  of  one  eye  and 
part  of  the  field  in  the  other  eye.  In  the  henn'anoj)ic  field  the  vision  may  be 
totally  obliterated  {(ibsolutr)  or  partially  retained  {rehdire).  Pressure  u])on 
the  hemiano])ic  sides  of  the  eyeball  does  not  cause  phosphenes,  and  this  fact 
may  be  of  importance  in  cataractons  patients  with  hemianopia.*' 

The  condition  and  reaction  of  the  pupil.s  of  diagnostic  importance  in 
cerebral  diseases,  and  es])ecially  in  those  accom])anied  by  ocular  lesions  and 
changes  in  the  visual  fiekl.  Illumination  of  both  eyes  in  uncom})licated  dis- 
eases of  the  centripetal  ])ortion  of  the  optic-reflex  arc  never  ])roduces  une(iual 
pupillary  reaction.  Both  pupils  may  fail  to  react  to  light,  though  sight 
remains  good  (in\ olvement  of  Meyiiert's  fibers),  or  both  pupils  may  react 
alike,  though  then;  Ix;  complete  amaurosis  (lesion  in  some  part  between  the 
Gratiolct  fibers  and  psycho-optical  cortical  center).^  In  the  case  of  hemianojua, 
when  light  is  cast  into  the  eye  upon  the  seeing  side  of  the  retina,  if  the  lesion 
be  anterior  to  the  j)rimary  optical  ganglia,  the  pupil  will  contract,  but  if  light 
is  directed  upon  the  blind  side  there  will  be  no  contraction.  If  the  lesion  be 
beyond  the  thalamus,  such  hemianopic  pupillary  inac;tion  cannot  occur.  This 
reaction  is  often  called  ]\\'rnicke\s  symptom. 

DISEASE  OF  THE  CHIASM. 

Heteronymous  Hemianopia. — 1.  Nasal  hemianopia  haii  never  been 
shown  to  be  due  to  disease  behind  the  chiasm,^  Since  these  fibers  do  not 
decussate  and  are  never  in  contact,  it  is  almost  impossible  to  conceive  of  a 
bilateral  cerebral  lesion  of  the  same  extent  and  size  affecting  the  function 
equally  on  both  sides  (P"ig.  303).  In  the  few  re])orted  cases  a  bilateral  affec- 
tion of  the  trunks  of  both  optic  nerves  in  front  of  the  chiasm,  extending  to 
these  and  chiefly  intense  symmetrically  at  each  side,  has  been  found  or  diag- 
no.sed.^  The  visual  fields  are  obliterated  at  the  nasal  sides  of  the  fixation- 
point.  The  dividing-line  is  apt  to  be  irregular  and  not  precisely  in  the 
vertical  meridian.  The  obliterated  areas  are  not  entirely  deficient  in  light- 
perce|)ti(»ii,  and  there  is  h(>miano))ic  ])U])illary  inaction.  '  Usually  evidences 
of  inflammatory  changes  will  be  seen  on  o])hthalmoscopic  examination  in 
disturbances  of  circulation,  swelling,  or  hemorrhages  on  the  disk,  followed 
later  by  atroi)hic  changes.  Disturbance  of  vision  "as  regards  walking  about 
is  not  very  great. 

2.  Temporal  hemianopia  (Fig.  304)  is  caused  by  disease  of  the  chiasm 
where  the  decussating  fibers  of  both  tracts  interweave.    The  visual  fields  are 
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obliterated  at  the  temporal  side  of  the  fixation-point.  The  dividing-line  is 
usually  irregular  and  the  blind  areas  may  retain  some  peree})tion  of  light. 
Hemianopic  pupillary  inaction  is  present.  Ophthalmoscopic  examination  is 
usually  negative  except  in  the  later  stages,  when  atrophy  of  the  optic  nerve 


Fig.  303.— Nasal  hemianopia  (after  Veasey)." 


may  occur.  Disturbance  of  the  vision  is  great,  as  the  patient  may  only  see 
directly  ahead  and  has  difficulty  in  orientation.^^ 

Diseases  of  the  Optic  Tract  from  the  Chiasm  to  the  Visual 
Centers. — Lateral  or  homonymous  hemianopia  is  due  to  disease  affecting  the 
optic  tract  behind  the  chiasm.  Corresponding  sides  of  the  visual  fields  are 
affected  (Fig.  305).    The  dividing-line  between  the  seeing  and  the  blind 

z.  s.  ft.S. 
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Fig.  304. — Temporal  hemianopia  occurring  after  hemorrhage  at  the  optic  chiasm,  with  preservation 

of  central  vision. 

areas  is  usually  well  defined,  running  perpendicularly  through  the  fixation- 
point,  the  visual  acuity  and  color-sense  being  normal  up  to  the  edge  of  the 
obliterated  area,  the  hemianopic  field  having  no  perception.  In  many  it  will 
be  found  that  the  central  vision  has  either  remained  or  is  entirely  obliterated, 
this  being  due  to  tlie  fact  that  the  macula  in  these  cases  receives  fibers  through 
both  optic  tracts  (also  proved  by  the  occurrence  of  double  hemianopia),"*  and 
if  the  field  be  carefully  taken  it  will  be  found  that  there  is  a  bulge  in  the 
line  of  demarcation  between  the  hemianopic  and  the  seeing  field.    If  the 
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fixation-point  lies  in  tlie  obliterated  field,  there  will  be  eential  blindness;  if 
in  the  reniaininij:  field,  the  central  vi.^ion  will  remain.  Kight-sided  hemi- 
anopia  causes  more  disturbance  than  left-sided,  as  we  read  from  left  to  right/ 
Patients  see  and  walk  fairly  well  by  turning  tlie  head  to  one  side. 

At  first  no  lesion  will  be  found  on  o])hthalmosco})ic  examination,  although 
signs  of  atrophy  ultimately  appear.    If  the  left  ti-act  be  affected,  producing 


270"  tJO* 

Fig.  305.— Lateral  hemianopia  occurring  in  multiple  sclerosis. 


right  hemianopia,  the  right  optic  nerve  will  in  time  become  wholly  atrophic, 
and  the  left  optic  nerve  look  normal  for  the  reason  that  in  the  left  eye  the 
tract-fibers  are  diminished  and  the  crossing  fibers  are  good  ;  the  former  are 
covered  by  the  wdiole  of  the  disk.  In  the  right  eye  the  crossing  fibers  (de- 
rived from  the  left  tractus)  are  injured  and  the  direct-tract  fibers  are  sound. 
The  crossing  fibers  are  in  front,  and  they  give  the  disk  a  look  of  general 
atrophy,  with  lesion  of  the  left  tract  (with  right  homonymous  hemianopia). 
The  left  nerve  looks  normal ;  the  right  nerve  will  appear  atrophic." 

A  few  cases  of  hemi-achromafopia,  in  which  the  sense  of  color  is  lo.st  for 
corresponding  halves  of  either  eye,  have  been  reported.  The  cerebral  cha- 
racter of  the  lesion  may  be  established  by  paresis  and  unconsciousness.  The 
site  is  su})])osed  to  be  in  the  cortex.^  A  separate  color-center,  however,  is 
denied  by  Ole  Bull,  Dahms,  and  AVard  Holden. 

Recently  several  cases  of  (loublc  Jioiuoiii/inous  hciniduopia,  with  preserva- 
tion of  small  central  field  in  each  eye,  show  that  there  is  a  cortical  visual 
center  which  supj^lies  the  macula  lutea.* 

Monocular  hemianopia  is  sup})osed  to  be  caused  by  lesion  of  part  of  one 
tract  involving  only  a  portion  of  its  fibers,  but  no  cases  have  been  well 
established.^  The  same  may  be  said  of  vertical  hemianopia  (Figs.  291  and 
297).  Many  diseases  of  the  nerve  and  retina  simulate  a  hemianopic  field, 
but  cannot  be  considered  under  the  classical  definition.  The  causes  of  the 
three  varieties  of  hemianojiia  include  traumatism,  hemorrhages,  embolisms, 
periostitis,  tumors,  softening  and  sclerosis  of  that  portion  of  nerve  lying 
within  the  skull. 

The  Significance  of  Hemianopia. — Hemianopia  is  not  in  itself  a  local- 
izing symptom.  There  are  usually  other  symptoms  which  assist  in  the 
diagnosis.    Seguin's  rules  are  as  follows : 

"  1.  Lateral  hemianopia  always  indicates  an  intracranial  lesion  on  the  opposite  side 
from  the  dark  fields.  2.  Lateral  hemianopia  with  pupillary  immobility,  optic  neuritis, 
or  atrophy,  especially  if  joined  with  symptoms  of  basal  disease,  is  due  to  lesion  of  one 
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optic  tract  or  of  the  primary  optic  centers  of  one  side — /.  r.  tiie  corpora  quadrigemina 
and  parts  included  witliin  primary  optic  centers  (including  corpora  quadrigemina,  cor- 
pora geniculata,  and  ])ulvinar  of  the  thalamus  opticus)  (Fig.  80G).  3.  Homonymous 
sector-like  defects  of  the  same  geometric  order,  with  hemianesthesia  and  choreiform  or 
ataxic  movements  of  one-half  of  the  body,  without  marked  hemiplegia,  are  probably  due 
to  lesion  of  the  caudo-lateral  part  of  the  thalamus  or  of  the  })osterior  (caudal)  portion  of 
the  internal  capsule,  fasciculus  ojiticus,  and  radiating  visual  fibers  of  (Iratiolet  in  the 
internal  capsule.  4.  Lateral  hcmianopia  with  complete  hemiplegia  (spastic  after  a  few 
weeks)  and  hemianesthesia  is  probably  caused  by  an  extensive  lesion  of  the  internal 
capsule  in  its  knee  and  caudal  part  (pulvinar) — i.  c.  farther  back  and  more  pro- 
found than  in  supposition  3.  5.  Lateral  hemianopia  with  typical  hemiplegia  (spastic 
after  a  few  weeks) — aphasia  if  the  right  side  be  paralyzed  and  with  little  or  no  anes- 
thesia— is  quite  certainly  due  to  occlusion  of  the  middle  and  adjacent  cerebral  arteries 
with  extensive  superficial  lesion,  softening  of  the  motor  zone  and  of  the  gyri  lying 
at  the  extremit}'  of  the  fissure  of  Sylvius — viz.  the  inferior  parietal  lobule,  the  supra- 
marginal  gyrus,  and  the  gyrus  angularis.  There  may  also  be  alexia,  word-blindness. 
6.  Lateral  hemianopia  with  moderate  loss  of  power  in  one  half  of  the  body,  espe- 
cially if  associated  with  impairment  of  the  muscular  sense,  would  probably  be  due  to  a 
lesion  of  the  inferior  parietal  lobule  and  gyrus  angularis  with  their  subjacent  white 
substances,  penetrating  deeply  enough  to  sever  or  compress  the  optic  fasciculus  on  its 
way  posteriorly  to  the  visual  center.  If  mental  blindness  exists,  the  lesion  would  lie  in 
the  more  anterior  central  parts  of  the  occipital  lobe.  7.  Lateral  hemianopia,  without 
motor  or  common  sensory  or  any  accompanying  symptom,  is  due  to  lesion  of  the  cuneus 
only,  or  of  it  and  the  gray  nuxtter  immediately  surrounding  it,  on  the  mesial  surface  of 
the  occipital  lobe  in  tiae  hemisphere  opposite  the  dark  half-fields.  The  lesion  may  be 
partial  or  total.  Most  surgical  cases  come  at  once  or  after  convalescence  within  this 
rule  or  within  rule  No.  6.  In  all  cases  coming  under  rules  3  to  7,  inclusive,  the  pupils 
react  normally,  and  rarely  does  the  ophthalmoscope  show  any  lesion  of  the  optic  nerve, 
except,  of  course,  in  some  tumor  cases,  where  neuro-retinitis  may  be  expected." 

Amaurosis  Partialis  Fugax  {Transient  Hemianopia). — Flickering 
scotoma  is  a  form  of  temporary  blindness  of  a  hemianopic  character  usually 
associated  with  unilateral  migraine,  which  is  accompanied  by  malaise,  vertigo, 
and  sometimes  disturbances  of  memory  or  speech.  It  is  supposed  to  be  due 
to  disturbance  of  the  circnlation  from  spasm  in  the  vessels  of  the  brain,  and, 
when  accompanied  by  headache,  in  those  of  the  dura  mater.'  A  typical 
attack  usually  begins  with  a  dark  spot  in  both  eyes  in  the  same  part  of  the 
visual  field.  This  spreads,  but  remains  in  the  nasal  half  of  one  visual  field 
and  the  temporal  left  of  the  otlier.  Silvery  flickering  points  or  shadows 
move  in  a  zigzag  uKUiner.  Part  of  the  dark  spot  extends  toward  the  end  of 
the  visual  field.  The  blindness  usually  lasts  a  quarter  to  a  half  hour  and 
disappears.  If  the  visual  field  be  examined  during  the  attack,  a  defect  will  be 
found.  In  one  case'^  the  scotoma  appeared  as  in  the  illustration  (Fig.  306), 
growing  larger  and  larger,  finally  obliterating  the  object  and  then  disap})earing. 
In  another  case^  central  scotoma  with  loss  of  light-,  color-,  and  form-sense  "was 
found.  In  only  one  case  in  the  writer's  experience  has  this  condition  been 
associated  witli  hysteria,  the  others  happening  in  ]iersons  of  nervous  organi- 
zation whose  general  state  of  health  was  somewhat  lowered.  In  one  case,^  of 
a  physician  who  was  subject  to  the  flickering  scotoma,  an  attack  was  followed 
several  wrecks  later  by  hemianesthesia,  hemi]>legia,  and  death  with  bulbar 
symptoms.  At  the  autopsy  the  right  vertebral  artery  was  found  thrombosed 
and  obliterated.  In  this  case  the  "  flimmer  scotom  "  was  certainly  due  to 
disturbance  of  the  circulation. 

The  scotoma  scintilkms  of  Listiiu/  is  a  peculiar  subjective  visual  sensation 
of  the  same  character.  In  some  cases  there  is  a  kind  of  after-image  of  the 
true  scotoma  appearing  at  night  or  in  dim  light,  lasting  but  half  an  hour, 
which  consists  in  a  rapid  succession  of  luminous  figures  with  dark  intervals. 
In  one  case  these  appeared  in  the  up]ier  right  quadrant  of  the  binocular 
field  as  a  glittering  figure  quite  close  to  the  fixation-point,  of  an  irregular, 


484 


AMBLYOPIA  OF  THE  VISUAL  FIELD,  ETC. 


crescentic  s]ia])e,  increasing  for  a  wliile  and  gradually  receding  from  the 
center  of  the  field,  growing  larger  and  dimmer  and  finally  fading  away. 
Reading  was  not  materially  interfered  with. 

I  remember,  1  remember,  tTie  house  where  I  was  born; 

The  little  window  where  the  sun  cawe  peeping  in  at  morn. 

He  never  came  a  winlc  too  soon,  nor  brought  too  long  a  dayi 

But  now  I  often  wish  the  night  h^J'^borne  myO'llfe  away. 

I  remember,  I  remember  the  fir  t\^^^  dark  and  high; 

I  used  to  think  their  very  tops  were  close  against  sky 

It  wae  in'childish  innocence,  but  now  'tis  little  joy 

To  kn*w  I'm  farther  off  from  Heaven  than  when  I  was  a  boy.. 


2 

I  reTCJDber,  1  rcvnember  the  house  where  1  v.-as  "born. 

The  Utile  window  where  the  sun  came  peeping  in  at  morn. 

He  never  came,  a  wink  too  so onf"'''^'^br ought  too  long  a  day 

But  now  i  often  wish  the  nigc"       Jborne  myOllfe  away.-- 

1  remember,  I  remember  the  ffff^es,  dark  and  high; 

1  used  to  think  their  very  topj  were  close  against  the  sky 

It  was  a  chlndish  Innocence  but  now  'tis  little  Joy, 

To  know  ^*flr  farther  off  from  heaven  than  when  I  was  a  boy. 


1  remeinber,  1  remember  the  TTouse  where  I  was  born 


The  1  ITtle  window  where  the 
He  never  ctime  a  wink  too 
But  now  I  often  wish  the 
I  remember,  1  remember  the 
I  used  to  think  their  very 
It  was  in  childish  innocence 


^peeping  in  at  morn. 

too  long  a  day, 
orne  my'life  away.-- 


~3rk  and  tjigh; 

f  rci* 


ow 


lose  agaJtnst  the  8ky 
tis  little  joy, 


To  know  I'm  farther  oXf  from  heaven  thdn  when  I  was  a  bfly 


1  remember,  I  remember  the  house  where  I  was  born; 
The  little  window  where  -T^J^^st^;;:*!^  peeping  in  at  morn 
He  never  came  a  wink  -  "^'^^-^ 
But  now  I  often  wish 
I  remember,  I  rememb 
I  used  to  think  thei 
It  was  In  childish 
to  know  I'm  farther 


^sa^-^^-r'"  brought  too  long  a  day, 
y^^if^^    borne  m^life  away. 
tpej7;r«  ^  ees  dark  and  high; 


were  close  against  the  sky 

now  'tis  little  joy, 
ven  than  when  I  was  a  boy. 


5 


wOo  soon 
o 

the  nigJ 


Fig.  306.-Appearance  of  printed  page  in  amaurosis  partialis  ftigax  (after  Stirling). 

Treatment  of  this  condition  consists  in  restriction  from  brain-work 
regulation  of  diet  and  daily  life.    The  administration  of  antipyrin,  phenace- 
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tin,  or  caifein  may  cut  short  the  duration  of  the  attack  and  relieve  the  symp- 
toms.   Bromid  of  potassium  and  quinin  have  been  advised. 

FUNCTIONAL  DISEASES. 

(Retinal  Anesthesia  ;  Neurasthenic  Asthenopia;  Hysteric  Amblyopia.) 

Anesthesia  of  the  retina  (see  also  page  410)  is  characterized  by  reduc- 
tion of  the  visual  acuity  and  concentric  contraction  of  the  visual  field  or  other 
changes,  together  with  functional  disturbances  in  other  parts  of  the  body. 

It  occurs  for  the  most  part  in  anemic  women  who  are  often  the  subjects 
of  uterine  and  ovarian  disease  or  chlorosis,  or  in  children  at  puberty  ;  occa- 
sionally cases  are  seen  in  young  men.  The  loss  of  sight  is  usually  partial, 
although  it  may  be  total,  and  in  some  cases  the  apparent  loss  is  heightened 
by  malingering.  It  is  purely  an  hysteric  manifestation,  and  as  such  may 
last  from  a  few  hours  to  days,  weeks,  or  months.  Indeed,  patients  have  been 
known  to  shut  themselves  up  in  dark  rooms  for  a  long  time,  especially  if 
attended  by  sympathizing  friends  or  relatives.  The  subjects  usually  com- 
plain of  considerable  eye-pain,  dazzling  and  photophobia,  headache,  and  blind- 
ing by  artificial  light,  haziness,  dimness  of  letters  and  lines  on  reading, 
lachrymation,  and  occasional  diplopia. 

The  causes  of  the  condition  are  over-exertion  at  school  or  over-work, 
traumatic  neurosis  from  injuries  which  are  often  trifling,  general  ill-health, 
and  diseases  of  the  genital  organs  {kopiopia  hysterica),  and  other  manifold 
causes  of  hysteric  conditions.  The  location  of  an  hysteric  symptom  is  fre- 
quently more  or  less  dependent  upon  an  actual  local  lesion.    Thus  it  is  that 
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Fig.  307.— Visual  fields  in  hysteric  amblyopia,  showing  concentric  contraction  with  overlapping  color- 
fields  and  relative  central  scotomata. 

the  cause  of  hysteric  blindness  in  a  neurasthenic  person  may  depend  upon 
eyes  that  are  already  weak  from  an  error  of  refraction  or  actual  extrinsic 
muscle- weakness,  conjunctival  trouble,  etc.  There  are  cases  in  which  these 
causes  may  not  be  found,  and  a  diagnosis  of  true  nervous  asthenopia  may 
here  be  made.  There  is  usually  weakness  of  accommodation  and  the  extrinsic 
muscles,  especially  deficient  adduction  (insufficiency)  or  imbalance  of  the 
muscles  (heterophoria).  The  levator  is  sometimes  likewise  atfected  (pseudo- 
ptosis). There  may  be  sensory  motor  paralysis  and  parasthesia  or  anesthesia 
in  various  parts  of  the  body. 

There  is  generally  concentric  contraction  of  the  visual  field,  usually 
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more  on  one  side  than  on  tlie  otlier  (Fig.  307).  The  extents  and  shapes  of  the 
fit'Uls  will  varv,  depending  npon  the  size  of  the  test  objects  and  the  condition 
of  the  patient!  The  contraction  may  be  more  pronounced  if  a  second  held 
(the  counter-field)'''  be  taken  immediately  after  the  first,^  the  difference 
being  caused  by  nervous  exhaustion  (f:rmiidungs-Typus)  ; or  the  second 
field  may  overlap  the  first  (Verschiebungs-Typus)'^  (Fig.  308),  or  the  colors 
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Fig.  308— Fields  for  white  of  right  eye  taken 
fifteen  minutes  ajiart  in  a  case  of  neurasthenia 
with  diminished  vision,  shouing^  overlapping  of 
the  second  field,  the  fixation-point  remaining  the 
same  (^Verschiebungs-Typus). 
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Fig.  309.— Reversal  of  color-fields  in  hysteria. 


may  overlap  or  be  reversed  {reversal  of  the  color-fieldsy^  (Fig.  309).  ]\Iixed 
forms  are  common  and  the  boundaries  are  frequently  not  sharply  defined. 
A  relative  central  scotoma  is  sometimes  found.    The  field  may  even  have  a 
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Fig.  310.— Hysteric  field  simulating  temporal  hemianopia. 


heniianopic  character,  or  be  greatly  contracted,  or  show  sectoral  defects  (Figs. 
310  and  311).  A  peculiar  form  is  the  oscillating  field/^  in  which  the  patient 
first  recognizes  an  object  at  one  meridian,  then  loses  it  for  a  moment,  only  to 
see  it  again. 

The  diagnosis  may  be  made  by  the  accompanying  general  symptoms  and 
the  absence  of  actual  ophthalmoscopic  signs  of  disease.  The  pupils  are 
active  to  light  and  accommodation  and  the  visual  fields  are  usually  typical. 
The  amblyopia  is  usually  of  sudden  occurrence  and  disappears  quickly.^^ 
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Treatment  is  directed  toward  restoration  of  general  healtli,  and  should 
include  massage,  exercise,  good  food,  and  tonics,  with  rest  of  the  eyes  from 
work,  and  the  use  of  tinted  glasses,  care  being  taken  that  the  subject  does  not 
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Fig.  311.— Great  coiiceiilric  contraction,  with  overlapping  of  the  color-fields  in  hysteric  amblyopia. 

depend  too  much  upon  their  use.  Although  subject  to  constant  relapses,  many 
cases  may  be  rapidly  brought  from  complete  or  partial  blindness  to  full  visual 
acuity  and  restoration  of  the  visual  field  by  suggestion,  electrical  treatment, 
or  simple  medicines. 

Nerve-lesions  and  general  diseases  are  sometimes  attended  by  disturbance 
of  vision  and  changes  in  tlie  visual  field. 

The  Significance  of  Amblyopia  and  Changes  in  the  Visual 
Field. — The  diagnostic  importance  of  loss  of  vision  depends  upon  its 
nature.  If  the  disease  be  found  in  the  eye,  it  will  depend  upon  the  extent 
of  the  lesion.  If  the  blindness  be  associated  with  symptoms  of  spinal  or 
brain  disease,  diagnostic  points  of  value  will  be  determined  from  study  of 
the  visual  acuity,  of  the  character  and  extent  of  scotomata,  and  of  alterations 
in  the  field.  If  the  latter  be  hcmianopic  in  character  and  associated  with 
other  symptoms,  a  definite  localization  of  the  lesion  may  be  assigned,  although 
in  themselves  these  are  not  diagnostic,  as  such  may  be  simulated  by  hysteria. 
The  character  of  scotomata  is  sometimes  diagnostic,  especially  those  of  central 
nature  which  occur  in  toxic  amblyopia.  Tlie  peculiar  vacillations  in  the 
visual  field  associated  with  functional  disease  are  characteristic. 
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INTRAOCULAR  GROWTHS. 

By  ward  a.  HOLDEN,  A.  M.,  M.  D., 

OF  NEW  YORK  CITY. 


Tumors  of  tlie  Iris. — Strictly  speaking,  tumors  of  the  iris  include  cyst, 
sarcoma,  simple  granuloma,  pigmented  granuloma  or  melanoma,  and  angioma, 
although  besides  these  primary  tumors  there  are  the  nodules  of  tuberculosis 
and  lepra,  the  condylomata  and  gummata  of  syphilis,  and  the  lymphomata  of 
general  leukemia,  which  will  not  be  treated  of  in  this  article. 

I.  Cysts  of  the  Iris. — (1)  Cyst  of  the  stroma  of  the  iris  usually  follows  a 
perforating  wound  of  the  cornea,  and  appears,  some  months  or  years  after  the 
trauma,  as  a  smooth,  round  tumor,  translucent  and  non-inflammatory,  pro- 
jecting from  the  surface  of  the  iris  and  distorting  the  pupil. 

In  color  the  cyst  ranges  from  bluish-gray  to  yellow  according  to  its  size, 
the  thickness  of  its  walls,  and  the  consistency  of  its  contents. 

The  cyst  as  it  grows  preserves  its  globular  form  until  it  impinges  on  the 
cornea,  when  it  flattens  and  moulds  itself  to  the  shape  of  the  anterior  chamber. 
At  the  outset  it  is  not  accompanied  by  signs  of  inflammation,  but  as  it  increases 
in  size,  particularly  if  the  increase  is  rapid,  there  appear  evidences  of  irrita- 
tion, soon  followed  bv  true  irido  cyclitis.  The  latter,  which  is  associated 
often  with  glaucoma  or  even  with  sympathetic  disturbance,  destroys  the  sight 
and  at  length  necessitates  enucleation. 

Since  the  growth,  if  neglected,  is  fatal  to  the  eye,  an  early  attempt  at 
removal  should  be  made,  but,  owing  to  the  impracticability  of  extirpating 
the  cyst  entire,  recurrence  is  usual,  al- 
though cures  are  reported. 

These  cysts  may  be  either  serous  or 
epithelial.  The  former  are  true  cysts, 
having  a  wall  lined  with  one  or  more 
layers  of  epithelium  (or  rarely  endothe- 
lium), and  enclosing  liquid  contents.  When 
the  wall  is  thin  and  the  liquid  clear,  such 
a  cyst  may  be  perfectly  transparent  (Fig. 

312).  '^l'--— Serous  cyst  of  the  iris  nine 

/I,  .,T   »•   7         J  J.  months  after  a  iierforiiting  injury  (from  a 

The  epithelial  cysts,  on  tlie  contrary,    patient  of  Dr.  h.  Knapp's). 
are  composed  in  the  periphery  of  stratified 

epithelium,  which  toward  the  center  of  the  tumor  gradually  passes  over  into 
an  atheromatous  mass  of  broken-down  epithelium,  fat,  and  cholesterin.  From 
their  appearance  when  cut  these  ej)ithelial  cysts  have  been  called  pearl  tumors, 
and,  from  their  pathogenesis,  epithelial  implantation  tumors. 

The  theorv  now  accepted  as  adequate  to  explain  the  genesis  of  most  of 
these  tumors,  and  certainly  of  all  those  lined  witii  epithelium,  is  that  epithelial 
particles  from  the  cornea,  lasiies,  or  lids  are  carried  by  the  penetrating  body 
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into  the  eye,  and,  proliferating  there,  form  a  cyst.  Cysts  may  readily  be 
produced  experimentally  in  this  \vav. 

For  the  rare  cases  in  which  there  "is  no  history  of  perforation  of  the  cornea 
Schmidt-Rimpler  has  advanced  the  i)lausible  theory  that  the  mouth  of  one  of 
the  crvpts  in  the  anterior  surface  of  the  iris  becomes  occluded,  thus  formiiig  a 
sac  lined  with  the  endothelium  that  normally  covers  the  surface  of  the  ins. 
This  sac,  undergoing  a  progressive  distention  with  li(|uid,  becomes  a  serous 
cyst. 

(2)  Cysts  of  the  pigment-layer  of  the  iris  occur  in  eyes  with  broad  posterior 
synechite,  and  "are  usuallv  not 'discovered  until  the  eye  is  cut  open,  although 

this  condition  has  been  diag- 
nosed twice  in  life,  the  cyst 
presenting  in  the  pupil  as  a 
pigmented,  vibrating,  translu- 
cent tumor. 

These  (;ysts  are  due  to  the 
drawing  a])art  of  the  two 
strata  of  cells  making  up  the 

Fig.  313.— Cvst  of  the  pismcnt-laver  of  the  iris,  due  to     posterior  ])igment-layer  of  the 
^St'^Snerand  k-n^-''"'''  perforating  injury  of  ^^^^  ^^^^  ^^jj^^^  ^^j^j^ 

of  the  cavity  so  produced. 
Although  usually  small,  they  may  involve  the  pigment-layer  in  its  entire 
extent  (Fig.  313). 

Sarcoma  of  the  Iris. — This  is  usually  an  extension  of  sarcoma  from 
the  ciliary  body,  which,  passing  tiirough  the  head  of  the  ciliary  body,  presents 
in  the  angle  of  the  anterior  chamber  (Fig.  314,  D). 

Sarcoma  may,  however,  be  primary  in  the  iris,  and  it  then  appears  in 
middle  life  as  a  very  vascular  tumor,  soon  leading  to  iritis  and  glaucoma. 
It  is  more  common  in  women  than  in  men. 

If  pigmented,  as  it  usually  is,  it  can  only  be  confounded  with  melanoma^ 
which  is  non-vascular  and  non-progressive.^  If  not  pigmented,  sarcoma  may 
be  mistaken  for  the  irregular  non-vascular  nodules  of  tuberculosis,  which 
develop  with  a  chronic  iritis  in  young  persons  (see  page  339). 

Treatment. — In  the  early  stages,  when  the  growth  is  circumscribed, 
favorable  results  follow  excision  of  the  diseased  portion  of  the  iris  by  means 
of  a  broad  iridectomy.  It  should  be  remembered,  however,  that  there  may 
have  been  extension  into  the  ciliary  body,  even  at  a  time  when  the  growth 
still  seems  localized  in  the  iris.  If  this  point  should  be  positively  ascer- 
tained, or  if  extension  should  have  taken  place,  thorough  enucleation  is  the 
only  remedy. 

Tumors  of  the  Ciliary  Body. — These  are  sarcoma,  myo-sarcom.a, 
primary  and  metadatic  carcinoma,  adenoma,  nev^is,  and  cyst.  Sarcoma  is  the 
most  common,  and  only  a  few  cases  of  each  of  the  others  have  been  reported. 

Myoma  and  Myo-sarcoma  of  the  Ciliary  Body. — These  are  names 
given  several  times  to  tumors  composed  of  long  fusiform  cells  which  were 
taken  to  be  smooth  muscle-cells  springing  from  the  ciliary  muscle.  The 
differentiation  between  smooth  muscle-cells  and  the  long  fusiform  cells  of 
sarcoma  is  difficult,  and  it  is  not  improbable  that  in  some  of  the  reported 
cases  the  tumor  was  an  ordinary  sarcoma. 

Primary  carcinoma  and  adenoma  of  the  ciliary  body  may  arise  from 
the  proliferation  of  the  cells  of  the  pars  ciliaris  retinte,  which  is  of  epithelial 
origin.    The  new  structure  is  likely  to  be  of  a  glandular  type.  Theoretically, 
^  Benign  melanoma  here,  as  elsewhere,  may  in  later  life  become  sarcomatous. 
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siiiiilar  growths  could  arise  from  the  posterior  pigment-layer  of  the  iris,  and 
such  a  case  has  been  reported  by  Hirschberg,  but  lie  admits  that  the  character 
of  the  growth  was  (juestionable. 

Cysts  may  be  formed  in  the  ciliar}-  body  or  choroid,  or  there  may  be 
detachment  of  the  choroid  with  rotation  inward  of  the  ciliary  body.  Such 
conditions  are  readily  mistaken  for  sarcoma  of  the  ciliary  body.  Oblique 
illumination  of  the  sclera  in  the  ciliary  region  will  show  translucency  in  the 
former  case,  but  opaqueness  if  a  tumor  is  present.  The  tension  is  also  of 
importance. 

Tumors  of  the  Choroid. — These  are  sarcoma,  which  is  the  most 
common ;  metastatic  carcinoma,  which  is  seen  occasionally  ;  and  cyst  and 
nevus,  which  are  rare. 

I.  Sarcoma  of  the  Choroid  and  Sarcoma  of  the  Cihary  Body. — 
These  growths  may  be  described  together.  The  course  of  the  disease  has 
been  divided  by  Knapp  into  four  stages. 

Symptoms. — In  i\\e  first  stage,  that  of  latency,  the  patient,  who  is  usually 
past  middle  life,  complains  simply  of  a  defect  in  the  visual  field.  The  media 
are  clear,  and  there  is  seen  a  smooth,  rounded  elevation  of  the  retina,  with- 
out folds,  not  undulating  with  movement  of  the  eye,  not  extending  in  most 
cases  to  the  ora  serrata,  and  with  an  overhanging  margin  in  all  or  most  of 
its  extent.  If  the  sarcoma  is  un])igmented,  its  vessels  may  be  recognized 
beneath  the  retinal  vessels.  Sarcoma  of  the  choroid  usually  appears  of  a  red- 
dish color,  and  sarcoma  of  the  ciliarv  bodv  black.  The  tension  is  normal 
and  the  eye  is  otherwise  healthy. 

While  this  condition  lasts — and  it  may  persist  for  years — the  disease 
usually  can  be  distinguished  easily  from  spontaneous  detachment  of  the  retina 
and  from  detachment  of  the  choroid,  the  two  conditions  that  resemble  it. 

Spontaneous  detachment  of  the  retina  is  preceded  by  the  perception  of 
muscte  volitantes,  and  comes  on  suddenly.  It  extends  to  the  ora  serrata,  and 
the  folds  into  which  the  retina  is  thrown  undulate  with  every  movement  of 
the  eye.  The  vitreous  is  cloudy,  signs  of  choroiditis  are  usually  found  in 
the  atfected  eye  or  the  other,  and  the  tension  is  reduced  (see  page  428). 

Detachment  of  the  choroid  is  a  very  rare  condition,  of  sudden  onset,  and 
caused,  as  a  rule,  by  hemorrhage,  and  more  rarely  by  exudation.  Tension 
may  be  increased.  The  characteristic  vessels  of  the  choroid,  however,  can 
usually  be  recognized  beneath  the  vessels  of  the  retina,  thus  establishing  the 
diagnosis  (see  page  357). 

Toward  the  end  of  the  first  stage  of  the  course  of  sarcoma  the  vitreous 
grows  cloudy  and  a  general  detachment  of  the  retina  ensues,  producing  com- 
plete blindness.  Detachment,  however,  is  longer  delayed  when  the  tumor 
is  in  the  ciliary  body  or  near  the  posterior  pole  of  the  eye.  The  tension 
mav  still  be  normal  for  a  time,  and  the  diagnosis  will  then  be  exceedingly 
difficult.  This  is  true  particularly  of  those  rare  cases  in  which  the  tumor  is 
flat,  for  such  a  growth  will  sometimes  perforate  the  globe  posteriorly  before 
it  presents  much  of  a  tumor  in  the  interior  of  the  eye.  The  opaque  tumor 
can,  however,  sometimes  be  made  out  beneath  the  floating  retina  by  using 
intense  illumination,  and  its  plastic  features  may  be  recognized  by  means  of 
Bellarminoff^s  device  of  pressing  a  moistened  j^Iane  glass  upon  the  cornea, 
thus  eliminating  the  refraction  of  the  cornea  and  permitting  objects  in  the 
interior  of  the  eye  to  be  seen  more  nearly  in  their  natural  size  and  relief. 
The  final  test  of  tumor  is  puncture.  If  a  sarcoma  is  present,  blood  will  be 
withdrawn,  but  if  the  condition  is  merely  one  of  simple  detachment  of  the 
retina,  only  a  serous  liquid  will  appear. 
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Soon  after  the  general  detachment  of  the  retina  has  occurred  the  second 
stage  of  the  disease  is  ushered  in,  that  of  glaucoma.  The  anterior  ciliary 
veins  are  now  dilated,  more  particularly  on  the  side  corresponding  to  the 
tumor,  the  anterior  ciiambcr  is  shallow,  the  media  are  cloudy,  the  tension  is 
increased,  and  the  eye  is  painful.  There  is  occasionally  hemorrhage  into  the 
eye,  and  at  times  the  glaucomatous  symptoms  may  mask  every  sign  of  tumor. 
Tlien  the  fact  that  the  patient  was"  blind  l^efore  the  glaucoma  Avill  arouse 
suspicion  of  tumor,  and  the  coexistence  of  increased  tension  and  detachment 
of  the  retina  is  almost  patiiognomonic.  Cyclitis  may  supervene  in  this  stage, 
or  sarcoma  may  devcloj)  in  an  eye  already  shrunken  from  cyclitis;  but  these 
cases  will  be  distinguished  from  those  of  uncomplicated  cyclitis  by  the 
increased  tension. 

In  the  third  ^iagc,  that  of  local  extension,  the  growth  spreads  to  parts  out- 
side of  the  eyeball.  When  the  tumor  is  located  in  the  anterior  portion  of  the 
ball,  it  extends  into  the  ciliary  body,  presenting  in  the  angle  of  the  anterior 
chamber,  and  thence  passes  out  al<mg  the  anterior  ciliary  vessels  to  form 
nodules  in  the  episcleral  tissue.  When  it  is  located  posteriorly,  the  growth 
passes  out  along  the  vense  vorticosae,  or  the  posterior  ciliary  vessels  and  nerves, 
or  the  o]itic  nerve,  extending  in  the  substance  of  the  latter  or  between  its 
sheaths,  and  then  forms  nodules  in  the  orbit  which  cause  exophthalmos. 

In  the  fourth  stage  metastatic  tumors  develop  in  other  organs,  notably  the 
liver.  Even  when  the  eye  has  been  enucleated  early,  metastases  occur  in 
from  20  to  40  per  cent,  of  the  cases,  and  death  then  follows,  usually  within 
three  years. 

Pathological  Anatomy. — The  shape  of  the  sarcomatous  tumor  varies 
with  the  relations  of  the  inner  layers  of  the  choroid,  which  overlie  it  like  a 
capsule.  Rarely  the  tumor  is  diffuse  and  only  slightly  elevated,  but,  as  a 
rule,  it  preserves  a  spheroidal  form  as  long  as  the  choroidal  capsule  is  intact 
(Fig.  314,  ^1).  When  the  capsule  is  ruptured,  however,  the  tumor  assumes 
the  shape  of  a  sphere  springing  from  a  flatter  base  (Fig.  314,  B),  and  later 
the  entire  mass  may  again  become  spheroidal  (Fig.  314,  C). 


A  BCD 
Fig.  314.— Diagrams  of  sarcoma  of  the  uveal  tract,  the  heavy  line  representing  the  tumor-capsule. 


A  second  nodule  developing  near  the  first  may  remain  permanently  sepa- 
rated from  the  other  by  its  capsule  (P^ig.  314,  B).  When  the  tumor  is  in 
the  ciliary  body,  the  anterior  portion  breaks  through  the  capsule  early  and 
impinges  on  the  lens,  dislocating  and  distorting  it  (Fig.  314,  D).  The  retina 
which  in  the  normal  state  is  but  loosely  attached  to  the  choroid,  may  readily 
undergo  a  total  funnel-shaped  detachment  while  the  capsule  is  still  intact 
(Fig.  314,  A).  But  Avhen  the  growth  perforates  the  capsule  the  retina  be- 
comes adherent  at  the  ])oint  of  perforation,  and  remains  attached  there,  although 
it  may  otherwise  be  detached  entirely  (Fig.  314,  B  and  C). 

The  consistency  of  sarcoma  is  generally  firm,  although  the  tumor  may  be 


Plate  8. 


Fig.  I. — Vascular  rumid-cclk'il  .sarcoma  of  choroid. 

Fig.  II.— Non-vascular  spindle-celled  sarcoma  of  choroid. 

Fic}.  III.— Metastatic  carcinoma  of  choroid. 
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gelatinous,  and  it  may  undergo  fatty,  myxomatous,  cartilaginous,  or  osseous 
degeneration. 

The  pigmented  variety  (mdano-sarcoma)  is  much  more  frequent  than  the 
iinpigniented  {leuko-sarcoma).  The  pigment  of  melano-sarcoma  may  lie  only 
in  a  few  cells  along  the  vessels,  or  may  color  single  tracts  of  cells,  or  every 
cell  in  the  tumor  may  be  black  with  pigment.  The  pigmentation  is  usually 
denser  in  the  periphery  of  the  tumor  tlian  in  the  center. 

Sarcoma  of  the  uveal  tract  may  occur  in  many  of  the  protean  forms  in 
which  sarcoma  is  found  elsewhere,  and  more  than  one  type  of  structure  may 
be  represented  in  the  same  tumor.  The  cells  are  usually  small,  and  the 
spindle-cell  is  commoner  than  the  round.  There  are  all  degrees  of  vascularity, 
from  the  type  in  which  the  tumor  is  made  up  of  thin-walled  vessels,  each  sur- 
rounded by  a  sheath  of  epithelioid  cells  arranged  in  concentric  layers  (Plate 
8,  Fig.  I.)  to  the  type  in  which  tracts  of  spindle-cells  run  in  various 
directions,  and  often  in  a  considerable  field  the  onlv  trace  of  a  vessel  to  be 
seen  is  a  spot  of  pigment  in  the  center  of  a  tract  cut  transversely,  represent- 
ing the  remains  of  a  previously-existing  vessel  about  which  the  tract  devel- 
oped (Plate  8,  Fig,  II.).  Alveolar  forms  of  sarcoma  are  also  found  occa- 
sionally, and  these  in  former  days  were  sometimes  described  as  carcinoma. 

Prognosis. — If  an  eye  with  sarcoma  of  the  uveal  tract  is  enucleated  before 
there  are  visible  evidences  of  extension,  the  chances  of  local  return  are  slight ; 
the  prognosis  as  regards  metastasis,  however,  is  grave.  If  we  take  the  average 
of  the  statistical  tables  that  have  been  published,  it  appears  that  there  is 
eventually  a  fatal  result  in  about  30  per  cent,  of  cases. 

Treatment. — The  treatment  is  prompt  enucleation  as  soon  as  the  diagnosis 
of  sarcoma  is  ma<le.  The  optic  nerve  is  to  be  resected  far  back,  and  evidences 
of  extension  are  to  be  looked  for,  since  the  presence  of  nodules  outside  of  the 
eyeball  usually  calls  for  evisceration  of  the  orbit. 

II.  Metastatic  Carcinoma  of  the  Choroid. — This  growth  has  been  seen 
a  score  of  times  at  the  posterior  pole  of  the  eye  as  a  broad,  flat  patch  of 
dull  yellowy  mottled  with  white  and  some  spots  of  pigment,  with  fine  vessels 
running  through  it,  elevated  some  millimeters  in  its  central  portion,  and  at 
its  periphery  passing  over  into  the  healthy  choroid  without  a  sharp  line  of 
demarcation.  Not  infrequently  more  than  one  patch  is  present,  and  the 
patches  then  tend  to  coalesce  and  surround  the  optic  disk. 

At  first  glance  carcinoma  might  be  mistaken  for  an  exudation  in  the 
choroid,  but  tlic  details  of  the  growth  are  too  clearly  defined  for  this,  and 
there  are  wanting  the  congestion  and  edema  of  the  disk  and  retina  that  would 
accompany  an  inflammatory  exudation.  Carcinoma  has  a  slow  progressive 
course,  first  elevating  the  retina  and  producing  hyperopia,  then  interfering 
with  its  function  and  causing  a  scotoma.  Later,  the  retina  is  detached.  In 
nearly  every  case  the  primary  carcinoma  has  been  located  in  the  breast,  and 
in  a  number  of  cases  botli  eyes  have  been  affected.' 

The  epithelial  cells  from  the  primary  growth  are  carried  into  the  eye 
through  the  posterior  ciliary  arteries,  and,  lodging  in  the  chorio-ca])illaris, 
they  proliferate  and  invade  all  the  layers  of  the  choroid  (Plate  8,  Fig.  III.). 

As  with  metastatic  tumors  elsewhere,  nothing  can  be  gained  by  operative 
interference,  although  in  the  glaucomatous  stage  enucleation  has  been  done 
for  the  relief  of  pain. 

Flat  tumors  of  the  choroid  have  proved  in  a  few  instances  to  have  the 
•character  of  angioma  or  cavernoma,  and  the  designation  nevus  seems  fitting. 

^  It  may  be  noted  here  that  in  the  rare  cases  in  which  sarcoma  of  the  choroid  is  metastatic 
the  tumor  is  likely  to  assume  this  same  flat  form. 
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Tumors  of  the  Retina. — These  are  ez/.s-/  and  glioma. 

I.  Cysts  are  found  occasionally  in  the  detaclied  retinas  of  degenerated 
eyes,  but  since  the  UKMlia  in  such  eyes  are  cloudy,  the  cysts  are  rarely  dis- 
covered until  after  enucleation.  It  may  hap- 
pen, however,  if  the  cysts  lie  far  forward  and 
the  lens  is  not  entirely  opaque,  that  they  may 
be  indistinctly  seen  in  life,  as  they  were  in  the 
eye  represented  in  Fig.  315  ;  and  the  cysts 
might  then  be  mistaken  for  tumors  of  the 
ciliary  body  did  not  the  reduced  tension  and 
the  clinical  history  oppose  that  diagnosis. 

These  cvsts  are  due  to  disturbances  of 
circulation  whereby  a  liquid  transuded  from 
Fig.  3i5.-Muitipie  cysts  of  the  de-    the  retinal  vesscls  collccts  in  little  cvsts,until 

tached  retina  in  an  ovo  with  plastic     „j.  j.i     .1  „    „  /•  t'j.  „  • 

cyciitis  fruni  a  non-ptTforating  fnjury.    at  length  the  retina,  tor  soiiic  distance,  IS 

split  into  two  layers. 

II.  Glioma  of  the  Retina. — This  is  the  most  malignant  tumor  of  the 
eye,  and  is  sometimes  present  at  birth,  but  usually  a[)pears  within^  the  first 
two  years  of  life  and  never  later  than  the  eleventh  year.  In  one-fifth  of  the 
cases  the  disease  affects  both  eyes. 

Symptoms. — The  clinical  course  of  glioma  may  be  divided  into  four 
stages,  like  that  of  sarcoma  : 

In  the  first  stage  the  attention  of  the  parents  is  attracted  by  a  dilated 
pupil  and  a  whitisli  reflex  from  the  interior  of  the  eye.  If  the  glioma  has 
grown  from  the  posterior  surface  of  the  retina  backward  {glioma  exophytum), 
the  commoner  form,  it  ^vill  jnish  the  retina  forward,  so  that  the  latter  will  be 
seen,  with  its  characteristic  vessels,  forming  the  nodular  and  uneven  surface 
of  the  tumor.  Portions  of  the  retina  not  involved  in  the  growth  may  be 
detached  and  undulating.  The  color  of  the  tumor  is  bright  pale  yellow  or 
pink,  witii  scattered  spots  of  white.  If  the  glioma  has  grown  from  the  ante- 
rior surface  of  the  retina  forward  {glioma  endophytum),  a  much  rarer  form, 
there  will  be  seen  a  number  of  light-colored  nodules  projecting  forward  into 
the  vitreous  in  front  of  the  retina,  which  is  thickened  and  nneven. 

When  the  growth  has  reached  a  considerable  size  the  glaiicomatous  stage 
comes  on,  with  injection  of  the  eyeball,  shallow  anterior  chamber,  cloudiness 
of  the  media,  and  increased  tension.  In  this  stage  cyciitis  may  supervene, 
causing  a  temporary  shrinking  of  the  ball  and  masking  the  ]>resence  of  the 
growth — a  condition  known  as  crypto-gHoma . 

In  the  third  stage  there  is  extension,  usually  first  along  the  optic  nerve, 
and  th(m  through  the  cornea,  which  is  destroyed.  The  orbit  thus  becomes 
filled  with  a  fungoid  mass,  and  at  the  same  time  the  tumor  attacks  the  glands 
of  the  head,  and  scattered  nodules  form  on  the  bones  of  the  skull. 

Finally,  in  the  fourth  stage,  metastases  develop  in  other  organs. 

Diagnosis. — This  is  often  exceedingly  difficult,  but,  owing  to  the  malig- 
nancy of  the  growth,  enucleation  is  usually  done  when  there  is  a  reasonable 
assurance  that  the  disease  is  glioma  ;  consequently,  many  of  the  eyes  enucleated 
with  this  diagnosis  are  found  on  examination  not  to  contain  a  glioma,  but  to 
represent  one  of  the  several  conditions  called  ]iseudo-glioma. 

Pseudo-glioma  may  consist  in  a  malformation  of  the  anterior  portion  of 
the  vitreous,  with  persistence  of  the  embryonic  hyaloid  artery  and  vascular 
sheath  of  the  lens — a  condition  whose  nature  can  usually  be  recognized.  It 
may  be  solitary  tubercle,  and  then,  as  in  glioma,  enucleation  is  indicated  if 
the  tuberculosis  is  limited  to  the  eye  and  sight  has  been  destroyed.    But  in 
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the  great  majority  of  cases  pseiido-glioma  is  an  exudation  into  the  vitreous 
chamber  following  meningitis. 

An  infant  has  fever  with  meningeal  symptoms,  and  shortly  afterward  a 
whitish  reflex  is  noticed  from  the  pupil.  The  iris  is  normal  or  only  atrophied 
in  spots,  but  its  ciliary  margin  is  retracted  by  cyclitic  membranes,  so  that  the 
periphery  of  the  anterior  chamber  is  very  deep,  while  the  pupillary  margin 
of  the  iris  is  pushed  forward  by  the  lens,  rendering  the  center  of  the  anterior 
chamber  shallow.  The  pupil  is  usually  small,  and  the  iris,  as  a  whole,  has 
the  peculiar  appearance  of  a  truncated  cone,  which  is  characteristic  of  mem- 
branous cvclitis. 

In  the  vitreous  chamber  a  smooth  exudation  will  be  found,  dull  yellow  or 
gray  in  color,  and  without  visible  blood-vessels.  The  tension  is  generally 
reduced.  Later  small  vessels  may  appear  in  the  exudation,  the  retina  may 
become  detached,  and  the  eyeball  may  even  shrink.  This  condition  is 
brought  about  by  a  metastatic  uveitis  or  retinitis  due,  as  a  rule,  to  meningitis, 
but  also  coming  on  in  pyemia  and  various  other  infectious  diseases.  Syphilis 
and  penetrating  wounds  may  also  give  rise  to  a  similar  exudation. 

Glioma,  however,  is  distinguished  from  these  conditions  by  the  normal  or 
increased  tension,  the  dilated  pupil,  the  normal  or  uniformly  shallow  anterior 
chamber,  and  bv  the  nodular  surface  of  the  g:ro^vth  with  its  characteristic 

•  11*" 

retuial  vessels  (see  also  pages  356  and  400). 

Pathological  Anatomy. — Glioma  of  the  retina  is  a  soft  vascular  tumor, 
composed  of  small  cells  with  a  large  nucleus,  imbedded  in  a  delicate  mesh- 
work  of  cell-processes  and  fibers.  It  readily  undergoes  fatty  and  even 
calcareous  degeneration.  In  the  hardened  specimen  thick  sheaths  of  healthy 
cells  are  seen  surrounding  the  tliick-walled  and  :  ss-^ 

often  degenerated  blood-vessels,  while  the  cells  .» imiiinat^^' 

farther  from  the  nutritive  supply  are  degenerated 
and  do  not  take  the  nuclear  stains. 

Virchow  first  thought  glioma  to  be  a  prolifera- 
tion of  neuroglia  tissue ;  others  have  put  it  in  the 
category  of  sarcoma  ;  and  there  has  been  much 
discussion  as  to  what  layer  of  the  retina  glioma 
really  springs  from,  and  what  is  its  true  nature, 
some  contending  that  a  simple  proliferation  of 
neuroglia  tissue  could  not  have  the  extreme  malig-  ^  ,  ^ 

nancy  of  glioma,  which  spares  no  tissue  in  the  body.  "  jj^^ 

Sections  of  glioma  stained  by  the  Golgi-Caial 

•  1         .  ,  •  1    1  i.1       1     '  „      Fig.  31R.  — (Uioraa  exophytum. 

suver-impregnation  method  have  recently  shown 

us  that  glioma  is  composed  of  neuroglia-tissue  and  a  few  nerve-cells  of 
various  sizes  (Fig.  317).  Glioma  in  rare  instances  contains  tubules  com- 
posed of  a  thin  elastic  membrane  surrounded  by  long  cylindrical  cells,  each 
sending  a  process  through  the  membrane  into  the  lumen  of  the  tubule.  The 
elements  of  these  tubules  are  histologically  analogous  to  the  cone-nucleus, 
membrana  limitans  externa,  and  cone-body  of  the  normal  retina,  and  such 
tumors  have  been  called  neuro-epithdioma. 

The  prognosis  of  glioma  is  very  bad,  only  about  10  per  cent,  of  the 
patients  being  permanently  cured  by  operation,  the  others  dying  mostly 
within  a  year,  from  local  recurrence. 

Treatment. — Enucleation  should  be  done  early  and  the  optic  nerve 
resected  far  back.  If  the  disease  has  extended  into  the  orbital  tissues  behind 
the  eyeball,  only  complete  evisceration  of  the  orbit  with  removal  of  the 
j)eriosteum  can  be  of  any  avail. 
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Tumors  of  the  Intraocular  End  of  the  Optic  Nerve.— These 
include  hyaline  bodies  and  sarcoma. 


Fig.  317.— Glioma  stained  by  Golgi's  method,  showing  neuroglia-tissue  and  scattered  small  nerve-cells. 

I.  Hyaline  bodies  are  found  in  the  optic  disks  of  young  persons  with  eyes 
otherwi.se  healthy  and  having  normal  vision,  and  also  in  eyes  with  optic  neuritis 

or  with  pigmentary  or  albuminuric  retinitis. 

 >   ,      -  [n  rao.st  cases  a  few  discrete,  lustrous,  pearly 

globules  are  seen  in  the  disk,  but  these  globules 
may  be  present  in  such  number  as  to  cover  the 
disk,  and  even  spread  beyond  it  in  a  confluent 
mass  like  frog-spawn  (see  Fig.  265). 

Microscopically,  we  find  laminated  hyaline 
masses  lying  among  the  fiber-bundles.  The 
exact  patliogenesis  of  these  bodies  is  unknown, 
the  old  view,  tliat  they  are  products  of  the 
retinal  pigment-epithelium,  like  the  so-called  colloid  excrescences  on  the 
lamina  vitrea,  now  being  given  up,  since  the  bodies  are  often  present  in  the 
disk  when  the  pigment-epithelium  is  healthy  (Fig.  318)^  and  they  are  never 
surrounded  by  pigment  like  the  others  (see  also  page  453). 

II.  Sarcoma  of  the  optic  disk  has  been  seen  a  few  times  as  a  hemispherical 
tumor  involving  the  adjacent  retina  and  projecting  forward  into  the  vitreous. 
It  is  always  an  extension  from  sarcoma  farther  back  in  the  optic  nerve,  and 
it  can  be  differentiated  from  a  tumor  of  the  choroid  overlapping  or  involving 
the  disk  by  the  fact  that  the  retrobulbar  tumor  from  which  it  extended  must 
have  caused  an  exophthalmos  before  the  tumor  appeared  in  the  eye. 


Fig.  318. 


-Hyaline  bodies  in  the  nerve- 
head. 
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MOVEMENTS  OF  THE  EYEBALLS,  AND  THEIR 

ANOMALIES. 

By  ALEXANDER  DUANE,  M.  D., 

OP  NEW  YOKK  CITY. 


Physiological  Action  of  the  Ocular  Muscles.' — The  actions  of  the 
external  ociihir  muscles,  deduced  partly  from  our  knowledge  of  their  origins 
and  insertions,  partly  from  the  results  produced  by  their  paralysis,  are  as 
follows  : " 

The  external  rectus  (abducens)  rotates  the  eye  directly  outward  (abduc- 
tion). 

The  internal  rectus  rotates  the  eye  directly  inward  {adduction). 

The  superior  rectus  carries  the  eye  ujnvard,  adducts  it,  and  rotates  the 
upper  end  of  the  vertical  meridian  of  the  cornea  inward  {inward  torsion, 
intorsion).  Its  power  of  producing  adduction  and  torsion  increases  as  the 
eye  is  adducted,  and  decreases  as  the  eye  is  abducted ;  its  elevating  power,  on 
the  contrary,  is  greatest  when  the  eye  is  abducted  between  20'^  and  30°,  and 
diminishes  to  zero  as  the  eve  is  adducted. 

The  inferior  rectus  carries  the  eye  downward,  adducts  it,  and  causes  out- 
ward torsion  of  the  vertical  meridian  of  the  cornea  {exto)'sion^.  As  in  the 
case  of  the  superior  rectus,  the  power  of  producing  adduction  and  torsion 
increases  and  the  vertical  action  diminishes  the  more  the  eye  is  carried  in- 
ward ;  and,  contrariwise,  it  acts  most  powerfully  as  a  depressor  (and  not  at 
all  as  an  adductor)  when  the  eye  is  abducted  20°  or  30°. 

The  superior  oblique  (trochlearis)  depresses  the  eye,  abducts  it,  and  rotates 
the  vertical  meridian  inward.  The  power  of  producing  abduction  and  torsion 
increases  and  the  vertical  action  decreases  in  proportion  as  the  eye  is  abducted. 
In  positions  of  adduction,  on  the  contrary,  the  superior  obli(]ue  serves  mainly 
to  depress  the  eye,  its  action  in  this  regard  increasing  as  that  of  the  inferior 
rectus  diminishes. 

Tlie  inferior  oblique  elevates  the  eye,  abducts  it,  and  rotates  the  vertical 
meridian  inward.  The  power  of  producing  abduction  and  torsion  increases 
in  proportion  as  the  eye  is  abducted,  while  the  elevating  action  increases  as 
the  eye  is  adducted,  the  effect  of  the  muscle  in  this  regard  becoming  constantly 
greater  as  that  of  the  superior  rectus  grows  less. 

It  will  be  seen  from  this  that  elevation  and  depression  of  the  eye  are 
effected  mainly  by  the  obliques  when  the  eye  is  adducted  and  by  the  superior 
and  inferior  recti  when  the  eye  is  abducted  ;  also  that  the  adducting  action  of 

1  See  also  pages  41,  42,  and  100. 

^  The  researches  of  Volkraann  and  Fuchs  upon  the  insertion  of  the  ocular  muscles  have 
shown  that  slight  v.ariations  from  the  actions  here  laid  down  may  occur  ;  but  such  variations 
are  inconstant,  and  in  no  case  great  enough  to  invalidate  the  statements  of  the  text. 
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the  superior  aiul  inferior  recti  increases  (and  the  opposino^  action  of  the 
obliques  diniiuislies)  in  proportion  as  tlie  eye  is  adducted  ;  and  that  the  ab- 
ducting action  of  tlie  obliques  increases  (and  tlie  opposing  action  of  the  recti 
diminishes)  in  proportion  as  the  eye  is  abducted.  Hence,  while  abduction  is 
performed  mainly  by  the  external  rectus,  the  latter  is  reinforced  especially 
toward  the  end  of  its  course  by  the  oblitpies;  and  the  internal  rectus  is  simi- 
larly reinforced  by  the  superior  and  inferior  recti,  which,  when  the  eye  is 
already  nnich  adducted,  will  carry  it  ap])reciably  farther  in. 

Lastly,  it  will  be  seen  that,  in  directions  of  the  gaze  up  and  in,  the  torsion- 
action  of  the  sui)erior  rectus  will  predominate  ;  in  directions  up  and  out,  that 
of  the  inferior  oblique  ;  in  directions  down  and  out,  that  of  the  superior  ob- 
lique ;  and  in  directions  doAvn  and  in,  that  of  the  inferior  rectus.  Conse- 
quentlv,  wlien  we  look  u])  and  in  or  down  and  out,  the  vertical  meridian  of 
the  cornea  is  tilted  toward  the  nose ;  when  we  look  up  and  t)Ut  or  down  and 
in,  it  is  tilted  toward  the  temple.  When  we  look  straight  up  or  straight 
down  (and  also  when  we  look  straight  to  the  right  or  left),  the  torsion  actions 
of  the  obliijue  muscles  and  of  the  recti  counteract  each  other,  and  hence 
the  vertical  meridian  remains  vertical. 

Movements  of  Kach  Kye. — By  the  combined  action  of  two  or  more 
ocular  muscles  the  eye  may  be  moved  in  any  direction  wdiatever.  Thus  a 
movement  obliquely  uj)ward  and  inward  requires  the  co-operation  of  three 
muscles — /.  e.  of  both  elevators  and  of  the  internal  rectus,  the  latter  (assisted 
by  the  superior  rectus)  carrying  the  eye  inward,  while  the  inferior  oblique 
and,  to  a  moderate  extent,  the  superior  rectus  carry  it  upward. 

In  moving  the  eye  obliquely  up  or  down  three  muscles  are  always  called 
into  play  (viz.  both  elevators  or  both  depressors,  combined  with  either  the 
external  or  the  internal  rectus) ;  in  moving  the  eye  straight  upward,  four  {i.  e. 
all  except  the  tw^o  depressors) ;  in  moving  the  eye  straight  downward,  fcMir 
(all  except  the  two  elevators)  ;  in  moving  the  eye  directly  inward,  five  (all 
except  the  external  rectus) ;  and  in  moving  it  directly  outward,  five  (all  ex- 
cept the  internal  rectus). 

All  these  movements  start  from  a  position  of  rest,  or  primary  position. 
When  the  eye  is  in  this  position  the  muscles  are  all  balanced — ?'.  e.  if  all  six 
contract  simultaneously  to  an  equal  extent,  they  will  keep  the  eye  fixed 
where  it  is.  In  all  other  directions  of  the  gaze  {sceondari/  positiov.'<)  the  eve 
is  so  ])laced  that  some  one  muscle  or  pair  of  muscles  works  to  greater  advan- 
tage than  the  antagonistic  muscle  or  ])air.  In  this  case,  if  all  six  muscles 
contract  simultaneously,  the  muscle  that  works  to  ffi'eater  advantatre  will 
exert  a  preponderating  action,  and  will  hence  tend  to  displace  the  eyeball 
away  from  the  ])osition  it  occuj)ies,  and  in  such  a  manner  always  as  to  carry 
it  back  toward  the  ]irimary  position. 

For  most  eyes  the  primary  position  is  that  in  which  the  visual  line  is 
directed  horizontally  or  nearly  so  and  straight  ahead  (i.  c.  is  perpendicular  to 
the  line  joining  the  centers  of  rotation  of  the  two  eyes).^  The  eyes  should 
always  be  placed  in  this  position  when  any  tests  are  made  for  ascertaining 
whether  or  not  the  muscles  are  in  equilibrium. 

Field  of  Fixation.— By  passing  from  the  ]>rimarv  to  all  possible 
secondary  positions  the  eye  is  enabled  to  fix  a  great  number  of  objects  /.  e. 

'  The  primary  position  is  more  exactly  defined  :is  l)eino;  the  onlv  position  from  which  both 
vertical  and  horizontal  movements  can  be  executed  without  afiectint^"  the  position  of  the  vertical 
meridian  of  the  cornea,  ^^ovenlents  from  one  secondary  position  to  any  other  in  tjeneral 
cause  a  rotation  of  the  vertical  meridian  (torsion  movement),  which  can  be  demonstrated  bv 
means  of  the  after-images.  This  fact  is  utilized  in  determining  experimentally  when  the 
primary  position  has  been  reached. 
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bring  the  images  of  these  olyects  successively  upon  the  macula.  The  portion 
of  space  occupied  by  all  such  objects  that  can  thus  be  fixed  by  movement  of 
the  eye  alone  without  moving  the  head  is  called  the  field  of  fixation. 

Its  limits  represent  the  limits  of  excursion  of  the  eye  in  all  possible 
directions.  These  limits  can  be  best  determined  by  fixing  the  patient's  head 
upon  the  rest  of  a  perimeter  in  such  a  way  that  the  eye  when  in  the  primary 
position  is  directed  toward  the  zero  of  the  perimetric  arc,  and  then  carrying 
along  the  latter  a  card  with  two  fine  dots  set  close  together  upon  it.  The 
patient  is  told  to  follow  the  dots  with  his  eye  witiiout  moving  his  head.  The 
moment  when  he  fails  to  do  so  is  evidenced  objectively  l)y  the  wavering  of 
the  eye,  and  subjectively  by  the  fact  that  the  two  dots  are  no  longer  seen 
distinctly  as  two,  but  run  into  one.  Then  the  point  on  the  perimetric  arc  to 
which  the  card  has  been  carried  indicates  the  amount  of  excursion  of  the 
eve  in  the  given  direction. 

The  limits  of  the  field  of  fixation  have  been  variously  stated.  My  own 
observations  (37  measurements  of  18  different  subjects)  gave — 


Field  of  Fixation. 


Down  Down 

and  in.  and  out. 

Avera^^e   43°       46°       49°       51°       53°       63°      54°  61° 

Minimum  35°        35°        35°        40°        40°       35°       32°  38° 


Up. 

Up 
and  out. 

and  in. 

Out. 

In. 

Down. 

.  43° 
.  35° 

46° 
35° 

49° 
35° 

51° 
40° 

53° 
40° 

63° 
35° 

Rednction  of  the  excursion  of  the  eye  [contraction  of  the  field  of  fixation) 
to  less  than  30°  in  any  direction  must,  if  substantiated  by  repeated  tests,  be 
regarded  as  distinctly  pathological  (see  also  page  169). 

Binocular  Vision  and  Diplopia. — We  ordinarily  use  both  eyes  in 
seeing  (binocular  vis^ion),  and  the  eyes  are  involuntarily  so  adjusted  that  the 
image  of  the  object  looked  at  falls  simultaneously  upon  both  maculte  (binoc- 
ular fixation).  Under  these  conditions  we  see  singly  because  the  two  images 
are  by  our  consciousness  fused  into  one  image,  which  has  somewhat  different 
characters  from  either  of  its  components  {binocidar  single  vision).  When  one 
eye  fails  to  fix  simultaneou.sly  with  the  other,  diplopia  generally  results.  But 
diplopia  will  be  absent  if,  as  often  happens,  the  image  formed  in  the  non- 
fixing  eye  is  not  taken  account  of  by  the  consciousness  (monocular  vision  from 
suppression  of  imar/e) ;  and  one  image  may  be  thus  suppressed  even  when 
both  eyes  are  properly  directed — /.  e.  there  may  be  binocular  fixation,  but 
only  monocular  vision. 

The  diplopia  produced  by  the  fact  that  one  of  the  eyes  deviates  from  the 
object  that  the  other  eye  is  looking  at  is  directly  proportional  to  the  amount 
of  deviation.  It  may  be  corrected,  by  an  appro])riate  movement  of  the  devi- 
ating eve  or  by  jjlacing  before  the  eye  a  prism  so  directed  as  to  make  the  rays 
coming  from  the  object  change  their  course  and  fall  upon  the  macula. 

Per  contra,  diplopia  may  be  prod^iced  witiiout  any  devicdion  of  the  eyeji  by 
putting  before  the  latter  a  prism  which  will  deflect  off  from  the  macula  the 
rays  that  would  otherwise  be  concentrated  upon  it.  In  this  case  the  artificial 
diplopia  may  be  corrected  (or  the  prism  may  be  "  overcome  ")  by  turning  the 
eye  until  the  macula  is  so  directed  as  to  meet  the  deflected  rays. 

When  an  eye  either  is  deflected  to  the  right  or  has  placed  before  it  a 
prism  with  its  base  directed  to  the  right,  an  object  situated  straight  ahead 
will  form  its  image  to  the  right  of  the  macula,  instead  of  upon  the  latter. 
But  experience  and  the  sense  of  touch  continually  teach  us  that  an  object 
which  forms  its  image  on  the  right  of  the  macula  is  itself  situated  to  our  left ; 
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hence,  under  the  conditions  noted  the  object  no  longer  appears  straight  ahead, 
but  deflected  to  the  left,  and  by  as  great  an  amount  as  the  eye  itself  is  de- 
flected to  the  right.  So  also  when  the  eye  is  deviated  up,  an  object  straight 
ahead  appears  lower  than  it  is  ;  and  in  general,  however  an  eye  may  be 
deflected,  the  apparent  position  of  objects  seen  with  it  is  deflected  in  the 
contrary  way. 

The^se  facts  may  be  expanded  for  the  particular  cases  as  follows  : 


Varieties  of  Diplopia. 


Caused  by 


Corrected  by 
(1)  Turning 


(2)  Prism  placed, 
base 


Name. 


Homonymous 
diplopia. 


Heteronymous 
crossed)  dip- 
opia. 

Right  diplopia. 


Left  diplopia. 


Homonymous 
torsion- 
diplopia. 

Heteronymous 
torsion- 
diplopia. 


Ch.\racter: 

Imago  of  R.  eye 

as  compared 
with  that  of  L.  is 

On  R.  side. 


On  L.  side. 


Below. 
Above. 
I  Tilted  to  R . 


Tilted  to  L. 

! 


(1)  A  natural  de- 
viation of 


Either  eye  in- 
ward  (esoplior- 
ia,  strabismus 
convergens). 

Either  eye  out- 
ward (exoplior- 
ia,  strabismus 
divergens). 

R.  eye  up  or  L. 
eye  down  (R. 
hyperplioria). 

R.  eye  down  or 
L.  eye  up  (L. 
hyperphoria). 

Either  vertical 
meridian  inward 
(convergence 
of  meridians). 

Eitlier  vertical 
meridian  otd- 

ward (divergence 
of  meridians). 


(2)  Artificially 
by  a  prism 
placed,  base 


//( ,  before  either 
eye. 


Out,  before  ei- 
ther eye . 


Up  before  R. 
eye  or  down 
before  L.  eye. 

Down  before  R. 
eye  or  up  be- 
fore L.  eye. 


Both  eyes  out- 

ward. 
(Divergence.) 

Both  eyes  in- 
ward. 
(Convergence.) 

R.  eye  down,  and 
L.  eycMjJ.  {L.  sur- 
sumvergence.) 
R.  eye  up,  and  L. 
eye  down.  (R.  sur- 
sumvergence.) 
Both  vertical 
meridians  out- 
ward. 
(Distorsion.) 
Both  vertical 
meridians  m- 
irnrd. 
(Contorsion.) 


Out  before  ei- 
ther eye. 


In  before  either 
eye. 


Down  before  R. 
eye  or  up  be- 
fore L.  eye. 

Up  before  R.  eye 
or  down  be- 
fore L.  eye. 


Associated  Movements  of  the  Two  Byes :  Parallel  Movements. 

— As  has  been  stated,  binocular  single  vision  is  attained  only  when  both  eyes 
are  directed  precisely  at  the  object  of  fixation,  and  under  normal  conditions 
the  two  eyes  invariably  move  together  in  such  a  way  as  to  effect  this  end,  and 
that,  too,  at  once  and  with  the  utmost  precision.  In  the  case  of  a  distant 
object  the  movements  of  the  eyes  must  be  such  as  to  keep  the  two  visual 
lines  strictly  parallel  (cifisociated  parallel  movements).  The  typical  movements 
of  this  class  are  shown  in  the  following  table  : 


Associated  Parallel  Ilovemenfs. 
(a)  Both  eyes  move  directly  to  E.  (De.rfroversion). 

R.  eye  carried  to  R.  by  external  rectus, 
assisted,  especially  toward  the  end  of  its  ex- 
cursion, by  the  two  obliques.  The  latter, 
together  with  the  superior  and  inferior 
recti,  by  their  equal  counter-traction  steady 
the  eye,  and  thus  both  maintain  it  in  the 
horizontal  plane  and  keep  its  vertical  me- 
ridian vertical. 


L.  eye  carried  to  R.  by  internal  rectus, 
assisted,  especially  toward  the  end  of  its 
course,  by  the  superior  and  inferior  recti. 
The  latter,  together  with  the  obliques,  by 
their  equal  counter-traction  steady  the  eye 
and  keep  its  vertical  meridian  vertical. 


{b)  Both  eyes  move  directly  to  L.  {Lcevoversion). 

L.  eye  carried  to  L.  by  external  rectus, 
assisted,  especially  toward  the  end  of  its 
course,  by  the  obliques.  The  latter,  to- 
gether with  the  superior  and  inferior  recti, 
by  their  equal  counter-traction  steady  the 
eye  and  keep  its  vertical  meridian  vertical. 


R.  eye  carried  to  L.  by  internal  rectus, 
assisted,  especially  toward  the  end  of  its 
excursion,  by  the  superior  and  inferior 
recti.  The  latter,  together  with  the  ob- 
liques, by  their  equal  counter-traction 
steady  the  eye  and  keep  its  vertical  me- 
ridian vertical. 
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(c)  Both  eyes  move  directly  up  [Sursumversion) . 


R.  eye  carried  up  by  superior  rectus 
and  inferior  oblique.  These  muscles  ex- 
actly neutralize  each  other  in  their  lateral 
tendencies  and  their  action  upon  the  verti- 
cal meridian,  so  that  the  eye  goes  straight 
up  and  the  vertical  meridian  remains  ver- 
tical. The  external  and  internal  recti 
steady  the  eye. 


L.  eye  carried  up  by  superior  rectus 
and  inferior  oblique,  and  steadied  by  exter- 
nal and  internal  recti,  as  in  the  case  of  the 
R.  eye.  Vertical  meridian  remains  ver- 
tical. 


(c^)  Both  eyes  move  obliquely  up  and  to  R. 


R.  eye  carried  up  mainly  by  superior 
rectus  ;  to  R.  mainly  by  external  rectus, 
assisted  by  inferior  oblique.  The  torsion 
action  of  the  latter  preponderating  over 
that  of  the  superior  rectus,  the  vertical  me- 
ridian is  rotated  out  (to  the  R.). 


L.  eye  carried  up  mainly  by  inferior 
oblique ;  to  R.  by  internal  rectus,  assisted 
by  superior  rectus.  The  torsion  action  of 
the  latter  preponderating  over  that  of  the 
inferior  oblique,  the  vertical  meridian  is 
rotated  in  (to  the  R.). 


(e)  Both  eyes  move  i 

R.  eye  carried  up  mainly  by  inferior 
oblique  ;  to  L.  by  internal  rectus,  assisted 
by  superior  rectus.  The  torsion  action  of 
the  latter  preponderating  over  that  of  the 
inferior  oblique,  the  vertical  meridian  is 
rotated  in  (to  the  L.). 


liquely  up  and  to  L. 

L.  eye  carried  up  mainly  by  superior 
rectus  ;  to  L.  by  external  rectus,  assisted  by 
inferior  oblique.  The  torsion  action  of  the 
latter  preponderating  over  that  of  the  su- 
perior rectus,  the  vertical  meridian  is  ro- 
tated out  (to  the  L.). 


(/)  Both  eyes  move  directly  down  [Deorsumversion). 


R.  eye  carried  down  by  inferior  rectus 
and  superior  oblique.  These  muscles  ex- 
actly neutralize  each  other  in  their  lateral 
tendencies  and  their  action  upon  the  verti- 
cal meridian,  so  that  the  eye  goes  straight 
down  and  the  vertical  meridian  remains 
vertical.  The  external  and  internal  recti 
steady  the  eye. 


L.  eye  carried  down  by  inferior  rectus 
and  superior  oblique  and  steadied  by  the 
external  and  internal  recti,  as  in  the  case 
of  the  R.  eye.  Vertical  meridian  remains 
vertical. 


{(j)  Both  eyes  move  obliquely  down  and,  to  R. 


R.  eye  carried  down  mainly  by  inferior 
rectus  ;  to  R.  by  external  rectus,  assisted  by 
superior  oblique.  The  torsion  action  of 
the  latter  preponderating,  the  vertical  me- 
ridian is  rotated  in  (to  the  L.). 


L.  eye  carried  down  mainly  by  superior 
oblique;  to  R.  by  internal  rectus,  assisted  by 
inferior  rectus.  The  torsion-action  of  the 
latter  preponderating,  the  vertical  meridian 
is  rotated  out  (to  the  L.). 


{h)  Both  eyes  move  obliquely  down  and  to  L. 


R.  eye  carried  down  mainly  by  superior 
oblique ;  to  L.  by  internal  rectus,  assisted 
by  inferior  rectus.  The  torsion  action  of 
the  latter  predominating,  the  vertical  me- 
ridian is  rotated  out  (to  the  R.). 


L.  eye  carried  down  mainly  by  inferior 
rectus  ;  to  L.  by  external  rectus,  assisted  by 
superior  oblique.  The  torsion  action  of 
the  latter  predominating,  the  vertical  me- 
ridian is  rotated  in  (to  the  R.). 


An  inspection  of  the  foregoing;  table  will  show  that  the  twelve  muscles 
that  serve  to  carry  the  two  eyes  in  parallel  directions  may  be  divided  into  six 
pairs,  one  muscle  of  each  pair  being  in  the  right  eye  and  the  other  in  the  left, 
and  the  two  moving  their  respective  eyes  in  the  same  direction  and  to  the 
same  extent.  The  muscles  constituting  such  a  pair  are  called  associated  an- 
tagonists. 
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Associated  Antagonists. 


R.  eye. 

L .  eye. 

External 

Interniil 

rectus. 

rectus. 

Internal 

External 

rectus. 

rect  us. 

Superior 

Inferior 

rectus. 

oblique. 

Inferior 

Superior 

oblique. 

rectus. 

Inferior 

Superior 

rectus. 

oblique. 

Superior 

Inferior 

oblique. 

rectus. 

Moves  eye  to  which  it  belongs— 


To  R.  (dextroduction).    No  vertical  nor  torsion  action. 
To  L.  (Isevoduction).    No  vertical  nor  torsion  action. 

Up,  to  L.  (L-evoduction),  and  jotates  vertical  meridian  to  L  (l.ievotor- 
sion).  Elevating  action  increases  as  eyes  are  carried  to  R. ;  lateral  and 
torsion  movements  increase  as  eyes  are  carried  to  L. 

Up,  to  R.  (dextroduction),  and  rotates  vertical  meridian  to  R.  (dextro- 
torsion).  Eievatinu-  actif)n  increases  as  eyes  are  carried  to  L.  ;  lateral 
and  torsion  actions  increase  as  eyes  are  carried  to  R. 

Down,  to  L.  (lfev<)duction),and  rotates  vertical  meridian  to  R.  (dextro- 
torsion).  Depressing  action  increases  as  eyes  are  carried  to  R.;  lateral 
and  torsion  actions  increase  as  eyes  are  carried  to  L. 

Down,  to  R.  (dextroduction),  and  rotates  vertical  meridian  to  L.  (Ifevo- 
torsion).  Depressing  action  increases  as  eyes  are  carried  to  L.  ;  lateral 
and  torsion  actions  increase  as  eyes  are  carried  to  R. 


Tlie  amount  of  excursion  in  every  direction  made  by  a  pair  of  6yes  in 
following  a  more  or  less  distant  object  which  they  sinmltaneously  fix  deter- 
mines the  jield  of  binocular  fixation  ;  and  the  amount  of  excursion  that  they 
can  make  and  yet  preserve  parallelism  of  their  axes,  so  that  no  diplopia 
ensues,  determines  tlie  field  of  binocular  .sinrjle  vision.  This  latter  extends 
not  less  than  40°  (normally  from  40°  to  50°)  in  every  direction  from  the 
primary  position ;  and  diplopia,  ocouri'ing  uniformly  when  tlie  eyes  have 
been  carried  less  than  30°  from  tli-^  primary  position,  is  distinctly  path- 
ological. 

The  tendency  to  maintain  parallelism  of  the  visual  lines  is  so  great  as  to 
persist  even  when  one  eye  is  excluded  by  blindness  or  by  being  covered  with 
a  screen  ;  so  that  one  eye  keeps  moving  with  the  other,  and  binocular  fixation 
is  maintained  in  all  directions  of  the  gaze,  although  only  one  eye  sees  the 
object  fixed.  Upon  this  fact  depends  the  test  by  alternate  covering  (screen 
test). 

The  associated  jiarallel  movements  are  apparently  governed  by  a  nervous 
mechanism  distinct  from  the  nuclei  that  supply  the  nerves  for  the  ocular 
muscles ;  and  each  of  the  typical  movements  (dextroversion,  sini.stroversion, 
fnirsumversion,  deorsumversion,  and  perhaps  the  oblique  movements  also)  seems 
to  have  its  separate  center.  The  precise  location  of  these  centers,  however, 
has  not  yet  been  satisfactorily  determined. 

Movements  of  Convergence. — By  means  of  the  associated  parallel 
movements  both  eyes  can  be  simultaneousiy  directed  at  any  distant  object  sit- 
uated within  the  limits  of  the  field  of  fixation.  To  direct  them  both  at  once 
at  some  near  object  requires  a  greater  or  less  degree  of  convergence  of  the  visual 
lines,  and  tliis  is  effected  by  a  simultaneous  e(]ual  contraction  of  the  two 
interni.  This  movement,  which  imder  normal  conditions  takes  place  invari- 
ably, immediately,  and  with  the  utmost  precision,  and  which,  as  in  the  case 
of  the  associated  parallel  movements,  takes  place  even  when  one  eye  is 
excluded  from  seeing,  is  apparently  governed  by  a  nerve-center  distinct  from 
the  nerve-nuclei  of  the  internal  recti. 

When  the  object  looked  at  is  situated  not  straight  ahead,  but  to  one  side 
or  above  or  below,  binocular  fixation  is  effected  by  a  combination  of  conver- 
gence with  an  associated  parallel  movement.  Thus,  in  looking  at  an  object 
situated  near  the  eyes  and  45°  to  the  right  of  the  median  line,  the  two  eyes 
first  move,  each,  45°  to  the  right  by  a  simultaneous  equal  contraction  of  the 
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right  externus  and  the  leh  mi^Yxm^  (^dextr  over  don)  ;  then  by  a  simultaneous 
equal  contraction  of  the  right  intcrnus  and  the  left  internus  {convergence)  the 
right  eye  is  turned  somewhat  to  the  left  again  and  the  left  eye  somewhat 
farther  on  to  the  right,  until  both  visual  lines  are  properly  directed. 

Even  without  being  adjusted  for  near  objects,  the  eyes  tend  to  converge 
somewhat  when  directed  downward. 

The  amount  of  convergence  is  measured  by  the  distance  from  the  nose 
of  the  point  {convergence  near-point,  Pc)  upon  which  the  eyes  can  by  the 
utmost  effort  be  made  to  converge.  This  should  be  from  1  to  1|  inches  from 
the  nose.  The  convergence  is  also  measured  by  the  degree  of  prism,  placed 
base  out  before  the  eyes,  which  the  latter  can  overcome  by  turning  inward 
{prism-convcrgei-tcc,  improperly  cnlled  the  adduction).  The  jirism-conver- 
gence,  when  a  distant  test-object  is  used,  is  re]n'esented  by  pi'isms  of  60°  to 
90"  total  refracting  angle  (=  a  convergence  of  the  visual  lines  of  35°  to  60°). 

The  maximum  amount  that  each  eye  turns  inward  in  performing  conver- 
gence {convergence-add action)  is  about  30°-o5°.  It  is  somewhat  less,  therefore, 
than  the  amount  (40°-50°)  by  which  each  eye  can  turn  inward  when  moving 
parallel  with  its  fellow  {(issoci(d('d  adduction  or  adduction  proper). 

Movements  of  Divergence. — In  passing  from  the  consideration  of 
near  objects  to  those  more  remote  the  eyes  diverge  from  each  other.  They 
can  even  diverge  beyond  parallelism  (i.  e.  become  absolutely  divergent),  as, 
for  example,  when  they  look  at  a  distant  object  through  a  prism  placed,  base 
in,  before  them,  and  then  3vercome  the  diplopia  wliich  the  latter  produces. 
The  amount  of  this  absolute  divergence  or  diverging  power  {prism-divergence, 
improperly  called  the  abduction)  is  from  6°  to  8°  prism  (=  an  actual  separa- 
tion of  the  visual  lines  of  only  3°  i  i°).  The  absolute  diverging  power 
{divergence-abduction)  of  each  eye,  therefore,  amounts  to  only  2°.  It  must 
not  be  confounded  with  the  abduction  proper  {associated  abduction),  or  abso- 
lute degree  of  rotation  of  each  eye  outward  in  performing  associated  parallel 
movements,  which  is  40°-50°. 

The  movement  of  divergence  consists  either  in  a  simultaneous  equal 
relaxation  of  the  two  interni,  or,  more  probably,  in  a  simultaneous  equal 
contraction  of  the  two  externi.  It  is  often  combined  with  associated  parallel 
movements.  Thus,  if  a  prism  of  8°  is  placed,  base  in,  before  the  left  eye, 
each  eye  will  turn  out  through  an  angle  of  2°  in  order  to  fuse  the  double 
images  {dircrgcncc) ;  then,  in  order  to  bring  the  images  on  the  macula)  of 
the  two  eyes,  each  eye  will  turn  2°  to  the  left  {sinistroversion),  so  that  the 
right  eye  is  directed  straight  ahead,  the  left  eye  4°  to  the  left. 

A  slight  divergence  of  the  visual  lines  occurs  normally  when  both  eyes 
are  directed  u])ward. 

Movements  of  Sursumvergence. — Divergence  of  the  visual  lines  in 
a  vertical  plane,  so  that  one  rises  above  the  other,  is  called  sursuinvergencc,^ 
and  this,  again,  is  denoted  as  right  or  left  according  as  the  right  or  left  eye  is 
the  higher.  Right  and  left  sursumvergence  are  normally  equal,  but  are  very 
limited  in  amount  (=  only  2°  prism,  or  1°  of  actual  separation  of  the  visual 
lines).  The  movement  is  undoubtedly  distributed  equally  between  the  two 
eyes,  so  that  a  movement  of  right  sursumvergence  is  the  same  thing  as  a 
movement  of  left  deorsumvergence — /.  c.  in  both  cases  the  right  visual  line 
moves  up  and  the  left  visual  line  moves  down,  and  each  moves  to  an  equal 
extent.  Neither  the  upward  movement  of  one  visual  line  nor  the  downward 
movement  of  the  other  can  be  regarded  as  a  measure  of  the  power  of  the 

^  Usually  called  snrsiimduction,  but  this  term  is  properly  applied  to  mean  the  absolute 
degree  of  movement  of  either  eye  upward — a  movement  of  some  40°  in  extent. 
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elevators  and  depressors  of  the  eye,  which  is  determined  rather  by  the  sur- 
sumduction  (in  the  proper  sense  of  tlie  term)—/,  e.  the  absolute  ability  of 
either  eye  to  move  upward  (=  about  40°),  and  the  deorsumduction,  or  ability 
of  either  eye  to  move  downward  (=  50°-60'^). 

Right  sursimivergence  is  measured  by  the  degree  of  prism  placed  base 
down  before  the  right  eye  (or  base  up  before  the  left  eye),  and  left  sursum- 
vergence  by  the  prism  ])laced  base  down  before  the  left  eye  (or  base  up  before 
the  right  eye),  which  the  eyes  can  overcome. 

VARIETIES,  CLASSIFICATION,  ETIOLOGY,  AND  GENERAL  SYMPTOMS 

OF  MUSCULAR  ANOMALIES. 

Varieties  of  Deviations. — All  the  movements  of  the  eyes,  described 
above,  may  be  deranged  pathologically,  and  the  derangement  may  take  the 
form  of  over-action,  under-action,  or  perverted  action.  The  result  of  these 
derangements  is  that  binocular  fixation  and  binocular  single  vision  are  inter- 
fered with,  so  that  one  of  the  eyes  deviates  or  tends  to  deviate  from  the  object 
looked  at. 

Strabismus  and  Heterophoria. — A  marked  deviation  which  the 
patient  cannot  in  geiKn'al  overcome  is  called  a  squint  or  strabismus  (hetero- 
tropia,  manifest  deviation) ;  one  which,  being  moderate  in  amount,  is  habit- 
ually overcome  by  muscular  effort,  and  hence  is  elicited  only  by  special  tests, 
is  called  a  heterophoria  or  insujjiciencij  (latent  squint,  latent  deviation). 

A  deviation  is  further  classed  as  constant,  if  present  all  the  time  ;  in- 
termittent, if  sometimes  present,  sometimes  absent ;  and  periodic,  if  regu- 
larly recurring  under  certain  conditions  (e.  g.  if  the  accommodation  is 
used). 

Measurement  of  Deviations. — The  magnitude  of  the  deviation  may  be 
measured  directly  by  ascertaining  either  how  far  the  deviating  eye  stands 
in  or  out  wlien  tlie  other  eye  is  looking  straight  ahead,  or  how  far  it  has  to 
turn  in  or  out  in  order  to  perform  fixation  when  the  other  eye  is  screened 
(screen-test).  The  amount  of  this  deflection  or  of  this  movement  may  be 
got  at  by  taking  a  linear  measurement  along  the  edge  of  the  lower  lid,^ 
or  it  may  be  determined  directly  in  degrees  by  means  of  a  perimeter  or  a 
tangent  scale.  Objective  measurement  performed  in  this  way  is  termed 
strabometrij. 

Indircct/i/,  the  amount  of  a  deviation  is  determined  by  the  amount  of 
diplopia  which  it  produces,  this  latter,  again,  being  measured  either  by  the 
actual  distance  between  the  double  images  or  by  the  strength  of  the  prism 
required  in  order  to  unite  them  (see  Table  of  Diplopia,  p.  500).  When  no 
diplopia  exists  spontaneously,  the  artificial  diplopia  produced  by  the  various 
forms  of  phorometer  and  the  amount  of  paraJlacfle  dixplacement  that  the 
object  hjoked  at  undergoes  when  a  screen  is  shifted  from  one  eye  to  the  other, 
serve  as  a  precise  measure  of  the  deviation. 

It  frequently  happens,  especially  in  constant  and  periodic  squint,  that  the 
deviation  is  confined  to  one  eye,  tlie  other  performing  fixation  all  the  time. 
In  this  case  the  non-fixing  eye  is  apt  to  be  amblyopic ;  but  whether  the  poor 
sight  is  congenital  and  gives  rise  to  the  deviation,  or  whether  it  is  itself  the 
result  of  the  latter  and  springs  from  the  habitual  suppression  of  the  visual 
image  (amblyopia  from  disuse,  ambhjopia  exanopsia)  or  from  the  injurious 
effects  of  the  di])lopia  upon  the  squinting  eye,  is  not  certain. 

In  many  cases,  especially  in  intermittent  squint,  and  almost  always  in 
'  Each  millimeter  =  about  4^°  actual  deviation. 
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heterophoria,  fixation  is  performed  by  each  eye  alternately  {alternating 
deviation). 


// 


Fig.  319.— Measurement  of  squint  with  a  perimeter: 

The  deviating  eye  R  is  placed  at  the  center  of  the  graduated  arc  of  the  perimeter  P  P, 
the  arc  lying  on  the  plane  of  tlie  deviation.  The  patient  is  then  required  to  fix  with  his  two 
eyoi  a  distant  object,  .1,  situated  along  the  central  radius  R  o  A.  This  is  the  direction  which  the 
deviating  eye  should  have  in  the  normal  condition.  Tlie  point  n  to  which  the  eye  in  reality 
is  directed  shouhl  now  be  determined ;  the  angle  O  R  n,  formed  by  the  deviating  line  of  sight 
n  with  the  normal  line  of  sight  A  o  R,  is  the  angle  of  the  strabismus.  In  order  to  obtain  this 
angle,  it  would  be  necessary  only  to  determine  the  precise  direction  of  the  line  of  sight  of  the 
deviating  eye.  As  this  is  not  an  easy  matter,  it  is  sufficient  in  practice  to  determine  the  direc- 
tion of  the  corneal  axis  ;  this  diHers  from  the  former  only  by  a  small  angle,  which,  in  com- 
parison with  the  large  angle  of  the  strabismus,  may  be  neglected.  The  flame  of  a  candle  is 
moved  along  the  arc  of  the  perimeter  until  its  reflection  is  in  the  center  of  the  pupil.  This 
will  occur  when  the  flame  is  at  n.  The  corneal  axis  has  now  been  found,  and  the  size  of  the 
angle  of  strabismus  may  be  read  ofl^. 

Deviations  are  also  classed  according  to  the  direction  of  the  deviating  eye, 
as  follows  : 


Deviating  eye 
turns 

Deviation  apparent  or  manifest  (squint, 
strabismus). 

Deviation  latent  (elicited  only  by  special 
tests) ;  eyes  usually  perform  binocular 
fixation. 

In. 

Out. 

Up. 

Down. 

Strabismus     convergens  (convergent 

squint,  esotropia). 
Strabismus  divergens  (divergent  squint, 

exotropia). 
Strabismus  sursumvergens ;  hypertropia 
(R.  or  L..  according  as  R.  or  L.  visual 
line  is  higher). 
Strabismus  deorsumvergens ;  hypertropia 
(R.  or  L.,  according  as  R.  or  L.  visual 
line  is  higher). 

Esophoria. 
Exophoria. 

Hyperphoria  (R.  or  L.,  according  as 
R.  or  L.  visual  line  is  higher). 

Hyperphoria  (R.  or  L.,  according  as 
R.  or  L.  visual  line  is  higher). 

The  condition  in  whicli  there  is  no  tendency  to  deviation  in  the  primary 
position  is  called  orthophorid . 

Btiology  of  Ocular  Deviations ;  etiological  Classification. — 

Ocular  deviations  may  be  grouped  according  to  their  etiology,  as  follows  : 
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Classification. 

L  Anomalies  of  the  individual  muscles  : 

(«)  Under-action,  due  to  faults  in  (1)  structure,  (2)  insertion,  and 
(3)  innervation. 

(b)  Over-action ,  due  to  faults  in  (1)  structure,  (2)  insertion,  and  (3) 

innervation. 

II.  Anomalies  of  the  association-centers  for  parallel  movements  : 

{a)  Under-adion,  producing  an  impairment  of  the  movements  of 
both  eyes  either  (1)  up,  (2)  down,  (3)  to  the  right,  (4)  to 
the  left,  or  (5)  obliquely  {associated  paralysis,  conjugate 
parahftiG  deviation). 
(6)  Over-action,  ])roducing  an  equal  excessive  movement  or  equal 
spastic  deviation  of  l)oth  eyes  in  the  same  direction  (associ- 
ated, spasm,  conj agate  spastic  deviation). 
(e)  Perverted  action,  clonic  spasm  of  associated  movements  (nystag- 
mus). 

III.  Anomalies  of  the  center  for  convergence  movements  : 

(«)  Under-action,  convergence-insufficiency,  either  (1)  accommoda- 
tive or  (2)  non-accommodative. 

(6)  Over-action,  convergence-excess,  either  (1)  accommodative  or  (2) 
non-accommodative. 

IV.  Anomalies  of  divergences  movements  : 

(a)  Under-action,  divergence-insufficiency. 
(6)  Over-action,  divergence-excess. 
V.  Anomalies  of  sursumvergence  : 

(a)  Under-action,  sursumvergence-insufficiency. 
(6)  Over-action,  sursumvergence-excess. 

Summary. 

I.  Associated  parcdlel  deviations  (conjugate  deviations)  may  be  due  to — 
(a)  Under-action  of  one  of  the  centers  for  producing  associated 

parallel  movements  (conjugate  paralysis). 
{!))  Over-action  of  one  of  the  centers  for  producing  associated 
parallel  movements  (conjugate  s]iasm). 
II.  Convergent  deviations  (esophoria,  convergent  strabismus)  may  be  due 
to— 

(a)  Over-action  of  one  or  both  internal  recti  or  of  the  other  adduc- 
tors of  the  eye  (superior  and  inferior  recti). 
(6)  Under-action  of  the  external  rectus  or  of  the  other  abductors 
(the  obli(iues). 

(c)  Under-action  of  divergence  movements  (divergence-insufficiencv). 

(d)  Over-action  of  the  center  for  producing  convergence  movements 

(convergence-excess,  which  in  turn  may  or  may  not  be  due 
to  excessive  accommodative  action). 

(e)  Two  or  more  of  the  above  causes  combined. 

III.  Divergent  deviations  (exo])horia,  divergent  strabismus)  may  be  due  to — 
(a)  Under-action  of  the  internal  rectus  or  of  the  other  adductors 

(superior  and  inferior  recti). 
(6)  Over-action  of  the  external  rectus  or  of  the  obliques, 
(c)  Under-action  of  the  center  for  producing  convergence  move- 
ments (convergence-insufficiency,  which,  in  turn,  may  or 
may  not  be  due  to  insufficiency  of  accommodative  action). 
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{d)  Over-action  of  divergence  movements  (divergence-excess), 
(e)  Two  or  more  of  the  above  causes  combined. 
IV.  UpicanJ  and  (Jowumird  devicdions  (liyperplioria,  strabismus  sursura- 
vergens  and  deorsumvergens)  may  be  due  to — 
{(()  Over-action  of  an  elevator  or  depressor  muscle. 
(6)  Under-action  of  an  elevator  or  depressor  muscle. 

(c)  Under-action  or  over-action  of  sursumvergence. 

(d)  Two  or  more  of  the  above  causes  combined. 

V.  Mixed  forms  (hyperpiutria  combined  with  exophoria,  hyperphoria 
combined  witli  esophoria,  and  esophoria  in  one  part  of 
the  field  of  view  combined  with  exophoria  in  another) 
are  frequent. 

Comitant  and  Non-comitant  Deviations. — Ocular  deviations  are 
divided  into  comitant^  antl  non-coinltant.  In  the  former,  one  eye,  even  when 
deviating  from  the  other,  always  deviates  by  the  same  amount,  so  that  the 
two  eyes  in  all  their  excursions  maintain  the  same  angle  with  each  other. 
The  most  typical  example  of  comitant  deviations  is  afforded  by  the  anoma- 
lies of  the  associated  parallel  movements  (associated  paralysis,  associated 
spasm,  nystagmus). 

The  ordinary  forms  of  divergent  and  convergent  squint  are  also  generally 
comitant  when  they  come  under  observation,  although  probably  for  the  most 
part  non-comitant  in  their  origin,  the  comitancy  in  this  case  having  developed 
as  a  result  of  the  evolutionary  tendency,  described  in  the  next  section,  by 
which  new  compensatory  conditions  are  gradually  superadded  to  the  old  ones. 

In  non-comitant  deviations  the  deflection  of  the  non-fixing  eye  keeps 
varying  as  the  direction  of  the  gaze  is  shifted,  so  that  the  angle  between  the 
two  visual  lines  is  continually  changing.  The  most  marked  examples  of 
non-comitance  are  furnished  by  disorders  (under-action  and  over-action)  of 
the  individual  muscles. 

Anomalies  of  convergence  and  divergence,  when  uncomplicated,  occu])y 
a  middle  ground  between  the  comitant  and  the  non-comitant  deviations. 
Thev  are  comitant  in  that  for  any  one  distance  the  deflection  remains  the 
same  whether  the  eves  are  carried  up  or  down  or  from  side  to  side,  but  are 
non-comitant  in  that  the  deflection  changes  in  amount  in  proportion  as  the 
object  looked  at  is  brouglit  nearer  to  the  eyes  or  away  from  them.  They 
are,  however,  usually  classed  as  comitant. 

The  diferential  diagnosis  between  comitant  and  non-comitant  deviations 
may  be  thus  stated  : 


Comitant  Deviations. 

Due  to  some  condition  affecting  the 
movements  of  both  eyes  equally. 

Hence,  if  simple,  are  clue  to  rleranofe- 
ment  of  one  of  the  centers  which  effect  the 
movements  of  both  eyes  together  (associa- 
tion-centers, centers  governing  divergence 
and  convergence  movements). 

Often  complex,  and  then  due  to  com- 
pensatory changes  (contractures,  etc.)  grad- 
ually developing  in  an  eye  that  was  for- 
merly the  seat  of  a  non-comitant  deviation. 


Non-comitant  Deviations. 

Due  to  some  condition  affecting  the 
movements  of  one  eye  more  than  the  other. 

Due  to  an  anomaly  in  structure  or 
insertion  of  the  muscles  of  one  eye,  or  to 
an  anomaly  of  the  nerves  and  nerve-nuclei 
which  supply  these  muscles  and  which 
subserve  uniocular  movement. 

Usually  simple. 


1  The  term  "comitant,"  already  used  by  others,  has  been  adopted  here  (at  the  suggestion  of 
Dr.  H.  Knapp),  instead  of  the  more  usnar"  concomitant,"  which  is  less  wieldy,  and  also  not  as 
well  formed  from  an  etymological  point  of  view. 
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Comitant  Deviations. 

Deviating  eye  follows  the  other  in  all 
its  movements,  maintaining  the  same  angle 
with  it.  The  total  range  of  excursion  and 
total  extent  of  the  field  of  fixation  of  one 
eye  equal  those  of  the  other,  but  in  the 
deviating  eye  both  are  limited  in  some  one 
direction,  and  are  increased  to  a  like 
amount  in  the  opposite  direction. 


Diplopia  often  absent,  or,  if  present, 
readily  ignored.  Patient  often  fails  to 
recognize  double  images  produced  by 
prisms. 

Deviation  behind  screen,  parallax, 
deviation  measured  by  the  phorometer, 
diplopia  (if  present),  and  other  symptoms 
same  in  amount  in  all  directions  of  the 
gaze. 

Deviation  behind  screen  of  the  deflect- 
ed eye  equals  that  of  the  non-deflected  eye. 


Non-comitant  Deviations. 

Deviating  eye  lags  behind  or  shoots 
ahead  of  the  other  for  certain  directions 
of  the  gaze.  The  angle  of  deviation  keeps 
continually  changing.  The  range  of  ex- 
cursion and  field  of  fixation  of  the  devi- 
ating eye  are  either  abnormally  large  or 
abnormally  small  in  some  one  direction  of 
the  gaze,  and  in  other  directions  are 
normal.  Total  range  of  excursion  abnor- 
mally large  or  small. 

Diplopia  usually  present  and  apt  to 
persist. 

Deviation  behind  screen,  parallax,  de- 
viation measured  by  the  phorometer,  di- 
plopia, and  other  symptoms  increase  mark- 
edly and  progressively  as  the  eyes  are 
carried  in  some  one  direction,  and  dimin- 
ish when  the  eyes  are  carried  in  the  ojipo- 
site  direction. 

Deviation  of  the  two  eyes  behind  the 
screen  unequal,  that  of  the  sound  eye 
being  the  greater  if  the  affected  eye  is 
paretic  or  otherwise  limited  in  action,  and 
that  of  the  affected  eye  being  the  greater 
if  the  affected  eye  is  the  subject  of  spasm 
or  over-action. 


Conversion  of  Non-comitant  into  Comitant  Deviations. — In 

non-comitant  deviations  the  deflection  is  marked  for  some  directions  of  the 
gaze,  while  for  other  directions  the  conditions  are  normal.  If,  now,  some 
new  condition  is  superadded  by  which  tlie  deflection  is  made  equally  marked 
for  all  directions  of  the  gaze,  the  deviation  will  become  comitant.  This,  in 
fact,  is  what  tends  to  take  place  naturally  in  all  non-comitant  anomalies.* 
Thus,  a  paresis  of  the  right  external  rectus  produces  an  inward  deflection  of 
the  right  eye,  which  at  the  outset  is  marked  only  when  the  eyes  are  directed 
to  the  right.  After  a  time,  however,  spastic  contracture  of  the  right  internus 
develops,  which  (!auses  an  inward  deflection  of  tlie  right  eye  when  the  eyes 
are  directed  to  tlie  left,  as  well,  so  that  ultimately  a  condition  is  produced 
closely  simulating  a  comitant  strabismus  convergens.^  Again,  an  exophoria 
due  to  a  convergence-insufficiency  is  at  first  present  only  when  the  eyes  are 
directed  at  near  points  ;  but  after  this  condition  has  persisted  for  a  long  time 
the  action  of  divergence  for  distance,  hitherto  normal,  becomes  excessive 
(divergence-overaction),  and  the  exophoria  becomes  marked  for  distance  also. 
So,  too,  a  periodic  convergent  squint,  in  which  the  eyes  are  straiglit  for  dis- 
tance, but,  owing  to  convergence-overaction,  converge  excessively  when 
directed  at  near  objects,  is  finally  converted  into  a  constant  squint — /.  e. 
becomes  marked  for  distance,  too,  tlirough  the  development  of  an  insufficiency 
of  the  diverging  power  or  ])Grliaps  of  an  insufficiency  of  the  external  recti. 
In  this  way  a  deviation  that  was  comitant  only  for  one  range  becomes  comi- 
tant for  all. 

Subjective  Symptoms  of  Deviations.— The  subjective  symptoms 
produced  by  ocular  deviations  are — (1)  diplopia  and  blurring  of  sight,  (2)  false 
projection  and  apparent  motion  of  objects,  (3)  vertigo,  (4)  asthenopia,  (5) 

*  Except  in  cases  of  congenital  paralysis  or  absence  of  a  muscle. 

^  In  fact,  probably  a  number  of  cases  of  comitant  squint  are  produced  in  this  very  way. 
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pain  in  the  eyes  with  conjunetivul  irritation  and  hle]iharitis,  (6)  headache  and 
neuralgia,  and  (7)  other  reflex  disturbances,  including  backache,  nausea,  im- 
pairment of  nutrition  and  energy  (sometimes  considerable  in  amount)^  chorei- 
form spasms,  and  occasionally  graver  conditions,  such  as  epilepsy. 

1.  DipJopia  is  homonymous,  heteronymous,  or  vertical  (right  or  left) 
according  as  the  deviation  is  convergent,  divergent,  or  vertical  (right  or  left 
hyperphoria)  (see  ante,  Table  of  Diplopia).  Its  amount,  measured  in  degrees^ 
is  equal  to  the  amount  of  the  deviation  ])resent  at  the  time.  In  ordinary 
comitant  squint  (insuperable  deviation)  it  is  usually  absent,  because  the  image 
formed  by  the  non-tixing  eye  is  either  too  indistinct  to  be  noticed  or  is 
actually  suppressed  ;  ^  in  uon-comitant  squint  it  is  usually  present,  at  least  in 
the  earlier  stages  of  the  affection  ;  and  in  suj)erable  deviations  (heterophoria) 
it  is  present  at  times,  although  generally  overcome  by  appropriate  forced 
movements  of  the  eyes  (see  Table  of  Diplopia). 

In  slight  deviations  the  amount  of  diplopia  is  just  sufficient  to  cause  over- 
lapping of  the  double  images,  producing  thereby  a  considerable  blurring  of 
the  object  looked  at.  This  is  particularly  marked  for  reading,  in  which  the 
letters,  as  they  double,  become  superim])osed,  and  hence  appear  run  together. 
This  confusion  of  sight  is  distinguished  from  that  due  to  an  error  of  refrac- 
tion by  the  fact  that  it  disap})ears  as  soon  as  either  eye  is  covered. 

In  general  the  slighter  degrees  of  diplopia,  and  especially  those  that  can  be 
corrected  by  voluntary  effort,  are  less  readily  negligible  than  is  a  diplopia  of 
larger  amount,  and  hence  give  rise  to  more  confusion  and  trouble. 

2.  False  projection  of  objects  (i.  e.  the  seeing  of  objects  in  the  wrong 
place)  is  particularly  noticeable  in  deviation  due  to  paresis  or  spasm  of  an 
ocular  muscle.  In  this  case,  when  the  eye  has  to  use  the  affected  muscle  in 
order  to  look  toward  an  object,  the  amount  of  energy  put  forth  by  the  muscle 
is  out  of  proportion  to  the  amount  of  nerve-impulse  sent  to  it,  and  hence  the 
patient  feels  as  if  the  eye  had  moved  much  ftirther  or  much  less  than  it  really 
has.  Thus  a  patient  with  a  paresis  of  the  right  externus  when  looking  at  an 
object  situated  to  his  right  would  regard  the  object  as  much  farther  to  the 
right  than  it  really  is,  because  he  has  to  make  a  very  great  effort  with  the 
paretic  muscle  to  move  the  eye  as  far  as  he  needs  to  do  ;  and  this  excessive 
effort  corresponds  in  his  ex]>erience  to  an  excessive  movement  of  the  eye  to 
the  right — /.  e.  to  the  act  of  looking  at  an  object  that  is  situated  very  far  to 
the  right.  The  same  thing  would  take  place  if  he  had  a  paresis  of  the 
dextroversion-center  (the  association-center  for  turning  both  eyes  to  the 
right).  On  the  contrary,  if  he  had  a  spasm  of  the  right  externus  (or  of  the 
dextroversion-center),  an  object  situated  on  his  right  woidd  appear  less  far  to 
that  side  than  it  really  is. 

One  consequence  of  this  false  projection  is  that  objects  whose  place  is 
thus  wrongly  conceived  of  appear  to  hiove  when  the  eyes  are  turned  or  when 
the  patient  approaches  them.  The  reason  of  this  is  that  the  amount  of  dis- 
placement of  an  object  from  its  true  situation,  produced  by  false  projection, 
varies  with  the  different  positions  of  the  eyes,  so  that  when  we  change  the 
position  (by  turning  the  eyes  or  by  approaching  the  object)  the  object  ap})ears 
to  be  at  one  moment  in  its  true  ])lace,  at  the  next  moment  out  of  it — /.  e. 
appears  to  have  moved  from  one  place  to  another. 

This  aj)parent  movement  of  objects,  together  wnth  the  diplopia  and  the 
unequal  strain  put  upon  the  eye-muscles,  is  the  cause  of  the  vertigo  that  so 
often  accompanies  ocular  deviations. 

'  Suppression  implies  that  the  image  produces  its  proper  impression  upon  the  sensorium, 
but  that  the  patient  by  some  mental  process  excludes  this  impression  from  his  consciousness. 
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If  binocular  single  vision  is  lost,  the  power  of  appreciating  depths  and 
distances  is  necessarily  much  impaired  (/o.s«  0/  stereoscopiG  vinion). 

3.  The  remaining \^ymptoms  {adhenopia,  headache,  eye-pa'ui,  and  the 
various  reflex  distHrbancen)  are  due  to  the  strain  imposed  upon  the  muscles 
when  overcoming  a  deviation.  They  are  hence  more  pronounced  in  heterophoria 
and  in  scpiint  of  low  degree  and  in  intermittent  squint  (in  all  of  which  con- 
ditions the  patient  tries  with  more  or  less  success  to  overcome  the  deviation), 
than  in  a  marked,  constant  strabismus,  in  which,  as  the  deviation  is  insuper- 
able, the  patient  makes  no  attemi)t  to  overcome  it.  Furthermore,  the  amount 
of  asthenopia  and  reflex  disturbance  is  roughly  proportional  to  the  amount  of 
effort  tliat  the  patient  has  to  exert  in  overcoming  the  deviation.  Hence  these 
troubles  are  more  marked  in  cases  of  insufficiency  than  of  over-action  ;  ^  and 
in  cases  re([uiring  exercise  of  the  (!omparatively  weak  diverging  power  [e.  (j. 
cases  of  divergence-insufficiency),  and  of  the  still  weaker  sursum verging 
power  [e.  y.  cases  of  hyj^erphoria),  than  in  cases  such  as  those  of  divergence- 
excess,  that  demand  exercise  of  the  strong  converging  action  for  their  com- 
pensation. In  general,  asthenopia  is  a  marked  feature  of  convergence-insuf- 
ficiency, and  eye-pain,  with  conjunctival  irritation  and  blepharitis,  is  apt  to 
be  associated  with  the  same  affection  ;  while  headache,  neuralgia,  nausea,  and 
disturbances  of  digestion  and  general  nutrition  are  jmrticularly  prone  to  occur 
in  connection  with  divergence-insuflficiency  and  the  vertical  deviations. 

CHARACTERS  AND  DIAGNOSIS  OF  THE  INDIVIDUAL  ANOMALIES. 

Affections  of  Individual  Ocular  Muscles  {Paretic  and  ^ipastic 
Squint). — Etiology. — Over-action  or  under-action  of  an  ocular  muscle  may 
be  due  to  three  causes. 

(a)  Over-development  or  under-development  of  the  muscle  itself  {struct- 
ural squint  and  heterophoria).  Thus,  congenital  non-development  of  the 
external  rectus  occurs,  producing  a  convergent  deviation  ;  also  congenital 
non-development  of  the  superior  rectus,  producing  a  downward  deviation  of 
the  eye,  which  may  or  may  not  be  associated  with  ptosis.  Again,  over- 
growth of  the  externus,  (iombined  or  not  with  non-development  of  the 
internus,  is  at  the  bottom  of  a  number  of  cases  of  divergent  squint  or  of 
exophoria ;  and  a  similar  preponderance  in  muscular  development  of  the 
internal  recti  accounts  for  jiiany  cases  of  convergent  squint. 

(6)  Faulty  insertion  of  the  tendon  of  the  muscle,  causing  undue  laxity  or 
tension  of  the  latter,  and  giving  a  point  of  application  for  the  muscular  force, 
which  is  more  advantageous  or  is  less  advantageous  than  normal  {insertional 
squint  or  heterophoria).  Examples  of  this  are — (1)  the  deflection  produced 
by  a  tenotomy  or  an  advancement ;  (2)  the  over-action  of  the  antagonist  of 
a  paralyzed  muscle  after  structural  changes  (true  contracture)  have  taken 
place  in  the  former ;  and  (3)  the  exophoria  or  divergent  squint  that  develops 
in  childhood  as  a  result  of  increasing  divergence  of  the  orbits,  a  process 
which  gives  the  externus  a  more  favorable  area  of  application  than  the 
internus.  This  process,  which  is  a  normal  feature  of  development  in  child- 
hood, may,  if  occurring  in  children  that  originally  have  the  orbits  set  very 
close  together,  abrogate  a  convergent  squint,  or  even  cause  the  latter  to  pass 
gradually  into  a  strabismus  divergens. 

(c)  Paresis  or  spasm  of  a  muscle  due  to  an  affection  of  its  nerve  or  nerve- 
nucleus  {innervationcd  anomalies,  paretic  and  spastic  squint,  and  heterophoria). 

1  Because  in  insufficiency  compensation  is  effected  bv  means  of  Aveakly-actine  muscles  and 
in  over-action  by  means  of  normal  muscles  ;  and  it  is  luirder  to  bring  weak  muscles  up  to  the 
normal  than  to  make  normal  muscles  act  with  extra  enerffv. 
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The  common  causes  of  paresis  are  tertiary  syphilis  and  its  consequences  (espe- 
cially tabes),  meningitis  (especially  tuberculous),  pachymeningitis,  tumors  of  the 
brain  and  skull,  abscess  and  hemorriiage  of  the  brain,  exposure  to  cold  (so- 
called  rheumatic  paralysis),  traumatism,  and  hysteria.  Paresis  may  also, 
although  rarely,  be  due  to  diphtheria,  diabetes,  influenza,  whooping-cough, 
and  the  action  of  poisons ;  and  slight  impairment  of  power  occurs  in  neuras- 
thenia and  other  conditions  of  nervous  dei)ression.  Spasm,  which  is  much 
less  frequent  than  paralysis,  is  due  to  irritative  lesions  (meningitis,  etc.), 
chorea,  epilepsy,  and  hysteria ;  rarely  is  idiopathic.  Spasm  also  occurs 
sooner  or  later  in  the  antagonist  of  a  paralyzed  muscle,  and  ultimately  leads 
to  structui-al  changes  in  the  latter  (contracture).  A  false  or  apparent  spasm 
is  the  over-action  which  regularly  occurs  in  the  associated  antagonist  of  a 
paralyzed  nuiscle  when  an  attempt  is  made  to  move  the  latter;  the  over- 
action  in  this  case  being  the  result  of  the  excessive  stimulus  imparted  to  both 
muscles.  Thus,  a  patient  with  a  paralysis  of  the  right  externus  who  tries  to 
look  to  the  right  makes  an  excessive  effort,  which  effort  causes  the  right  eye 
to  move  to  the  right  feebly  and  the  left  eye  to  move  to  the  right  very  greatly 
and  in  an  apparently  s]>asmodic  way,  although,  of  course,  spasm  in  the  true 
sense  of  the  word  is  not  present  here  at  all,  since  the  eye  is  simply  reacting 
normally  to  an  excessive  stimulus. 

Oiie  or  several  muscles  may  be  affected.  In  insertional  and  structural 
deviations  isolated  affections  are  frequent,  and  the  muscles  most  apt  to  be 
involved  are  the  external,  internal,  and  superior  recti.  In  innervational 
deviations,  if  but  one  muscle  is  affected,  this  is  usually  the  external  rectus 
[abducens  paralysis  or  spasm),  although  isolated  paralysis  of  the  superior 
oblique  {trochlear  paralysis)  is  not  uncommon.  Isolated  paralysis  of  the 
other  muscles  is  less  often  met  with,  but  combined  paralysis  of  some  or  all  of 
the  muscles  supplied  by  the  third  nerve  {oculomotor  paralysis)  is  frequent. 
Complete  oculomotor  paralysis  causes  loss  of  power  in  four  out  of  the  six 
exterior  muscles  of  the  eyeball,  and  also  in  the  levator  palpebrse  (causing 
ptosis),  the  sphincter  iridis  {iridoplec/ia),  and  the  ciliary  nuiscle  {cycloplegia). 
In  some  cases,  caused  generally  by  syphilis  or  by  tlie  action  of  poisons  such 
as  atropin,  the  paralysis  is  confined  to  tlie  sphincter  iridis  and  the  ciliary 
muscle  (ojjhthalmoplcf/ia  interna) ;  in  dthers  to  the  sphincter  iridis,  producing 
mydriasis  without  any  otlier  symptoms ;  in  others,  especially  when  due  to 
<li])htheria,  to  the  ciliary  muscle,  producing  paralysis  of  accommodation  alone  ; 
and  in  still  other  cases  these  muscles  are  exempt,  but  some  or  all  of  the  ex- 
terior muscles  of  the  eyeball  are  paralyzed  {opldhalmoplcgia  externa).  In 
rare  cases  all  tlie  muscles  of  the  eyeball,  exterior  and  interior,  are  paralyzed 
at  the  same  time  {ophtJudmoplegia  totcdis). 

Symptoms. — The  symptoms  of  nuiscular  under-action  and  over-action 
are — (1)  limitation  or  excess  of  movement  of  the  affected  eye  in  some  one 
direction — /.  e.  as  tlie  two  eyes  move  together  in  that  direction  one  of  the 
two  lags  more  and  more  behind  the  other,  producing  a  constantly  increasing 
deviation.  This  symptom  gives  rise  to  all  the  others — namely,  (2)  diplopia, 
(3)  false  projection  of  objects  seen  with  the  affected  eye,  (4)  apparent  move- 
ment of  such  objects  when  the  patient  approaches  them,  and  (5)  vertigo. 
The  explanation  of  these  symptoms  has  already  been  given.  The  character- 
istic feature  about  all  of  them  is  that  they  increase  as  tiie  eyes  are  carried  in 
some  one  direction — increase,  namely,  in  that  position  of  the  eyes  in  which  the 
affected  muscle  when  normal  acts  most  effectively  in  moving  the  eye  (see 
Table,  p.  502),  and  decrease  as  the  eyes  are  carried  in  the  contrary  direction. 
For  example,  in  an  affection  of  the  right  superior  oblique  the  diplopia,  vertigo, 
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etc.  are  absent  when  the  patient  looks  np,  begin  to  appear  when  he  looks 
down,  increase  rapidlv  when  he  lot>ks  down  and  to  the  left,  and  are  much 
less  marked  wlien  he  looks  down  and  to  the  riglit ;  because,  in  the  first  place, 
the  superior  oblique,  being  a  dei)ressor,  acts  normally  only  when  the  eyes  are 
directed  down,  and  because,  in  the  second  place,  it  acts  mueh  more  energeti- 
cally as  a  depressor  when  the  eyes  arc  directed  down  and  in. 

This  eiiaracteristie  feature  of  these  conditions  gives  rise  to  another  symp- 
tom—(6)  namely,  altered  position  of  the  head,  the  patient  in  each  instance 
holding  it  in  such  a  way  as  to  })revent  the  develoi)ment  of  diplopia,  etc. 
Thus,  if  the  deviation  is^such  that  di])lo})ia  occurs  when  the  eyes  are  turned 
to  the  right,  he  gets  over  the  difficulty  by  turning  his  head  to  the  right,  so 
that  the  eyes  themselves  are  directed  to  the  left. 

The  svmptoins  vary  in  intensity  from  a  slight,  transient  diplopia,  elicited 
only  by  the  different  tests  for  heterophoria,  to  the  complete  immobility  pro- 
duced by  total  paralysis. 

In  ophthalmo})legia  interna  (7)  mydriasis  and  (8)  paralysis  of  accommo- 
dation will  occur ;  and  in  complete  oculomotor  paralysis  both  these  symp- 
toms together  with  (9)  ptosis. 

Course  and  Prognosis. — Structural  deviations,  i)articularly  if  congenital, 
show  little  tendency  to  increase  or  decrease.  Insertional  deviations  are  apt 
to  increase,  except  when  the  result  of  a  tenotomy  or  advancement,  in  which 
case  they  usually  decrease  because  of  the  contraction  that  takes  place  in  the 
process  of  healing. 

Paretic  or  spastic  deviations  may  recover  spontaneously  or  as  the  result 
of  treatment.  This  is  always  the  case  in  hysterical  affections,  and  is  the  rule 
in  the  cycloplegia  due  to  diphtheria.  On  the  other  hand,  in  diphtheritic 
paralyses  of  the  external  muscles  and  in  paralyses  due  to  exposure  to  cold 
the  condition  often  persists  for  a  long  time  or  even  ])ermanently  ;  and  oph- 
thalmo})legia  interna,  except  when  due  to  the  action  of  drugs,  is  usually  incu- 
rable. 

In  chronic  })aralyses  the  prognosis  is  uncertain,  the  condition  being  some- 
times recovered  from,  often  remaining  stationary,  and  in  yet  other  cases 
advancing  progressively.  The  tendency  to  advance  is  particularly  marked 
in  the  slowly  developing  paralyses  of  nuclear  origin  affecting  isolated  muscles, 
and  especially  in  the  variety  of  paralysis  known  as  ophthalmoplegia  externa 
(see  page  511).  In  these  cases  one  muscle  after  another  is,  in  the  course  of 
months  or  years,  successively  involved  (progressive  ophthalmoplegia),  the 
process  often  extending  to  other  centers  besides  the  nuclei  of  the  eye-muscles, 
and  causing  death  through  involvement  of  the  respiration  or  other  vital 
action. 

Paralyses  of  sudden  develoi)ment,  on  the  other  hand,  do  not  usually  show 
this  tendency  to  advance,  and  often  indeed  disappear  completely.  It  is,  how- 
ever, to  be  remarked  that  those  cases  that  get  well  rapidly  and  spontaneously 
are  particularly  apt  to  be  the  precursors  of  tabes,  disseminated  sclerosis,  and 
general  paresis. 

To  two  classes  of  acutely  developing  ophthalmoplegia,  however,  this 
grave  prognosis  does  not  apply.  In  one  {recurrent  ophthalmic  migraine)  a 
total  oculomotor  paralysis,  preceded  usually  by  violent  migraine,  recurs  at 
more  or  less  periodical  intervals,  and,  after  lasting  for  a  day  or  two  in  some 
cases  and  two  or  three  months  in  others,  disappears  almost  or  quite  com- 
pletely. In  the  other  (transient  bilateral  ophthalmoplegia)  a  ]>nralysis,  usually, 
but  not  always,  affecting  all  the  ocular  muscles  and  always  bilateral,  develops 
rapidly,  and  disappears  completely  after  lasting  one  or  two  months. 
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Under-aetion  of  an  ocular  muscle,  whether  due  to  paralysis  or  not,  after 
lasting  for  a  time  leads  to  over-action,  and  finally  to  permanent  contracture 
of  the  opposing  muscle  in  the  same  eye.  In  like  manner,  (continuous  over- 
action  of  a  muscle  leads  to  enfeeblement  of  its  antagonist.  The  deviation  in 
both  instances  is  tlius  gradually  converted  into  a  comitant  one  (see  page  508). 
Contracture  of  the  opponent  does  not,  however,  usually  take  place  in  con- 
genital paralysis. 

The  symptoms,  especially  the  false  projection  and  vertigo,  gradually 
grow  less  pronounced  as  the  patient  accommodates  himself  to  his  new  expe- 
riences. The  diplopia  often  remains  for  a  very  long  time,  and  may  even 
persist  after  the  deviation  has  become  comitant. 


1  2 
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Fig.  320.— 1,  right  external  rectus;  2,  right  internal  rectus. 


1 


Fig.  321.— 1,  right  inferior  rectus ;  2,  right  superior  oblique. 


2 


Fig.  322.— 1.  right  superior  rectus;  2,  right  inferior  oblique. 
Figs  3''0-32'>  —Scheme  of  double  images  in  paralysis  of  the  oc\ilar  nuiscles  (modified  from  Mauthncr  and 
Berrv)-"'k  O  H  D,  field  of  binocular  single  vision  of  normal  eyes:  shaded  area,  ^  B  CD,  field  of 
binocular  single  vision  in  complete  paralysis:  unshaded  iwn,  B  G  II  C.  field  of  double  vision  in 
complete  paralysis  :  area,  .1  E  F 1),  field  of  single  vision  in  i)!irtial  T)aralysis :  area,  E  G  H  F,  field  of 
double  vision  iii  partial  paralysis.   Shaded  image  is  that  belonging  to  the  right  eye. 
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Diagnosis. — The  diagnosis  of  the  muscle  affected  may  in  the  case  of  (1) 
iinder-action  or  over-action  of  a  single  muscle  be  made  from  the  double 
images  by  means  of  the  table  on  page  514.   (See  also  Figs.  320-322.) 

2.  A  diplopia  increasing  in  more  than  one  direction  indicates  an  affection 
of  more  than  one  muscle,  the  diagnosis  of  the  specific  muscles  being  made 
from  the  table.  E.  g.  a  right  diplopia  increasing  both  in  looking  up  and 
to  the  left  and  up  and  to  the  right  indicates  weakness  of  the  left  superior 
rectus  and  the  left  inferior  oblique  ;  and  a  left  diplopia  increasing  in  looking 
up  and  to  the  right,  combined  with  a  right  diplopia  increasing  in  looking 
up  and  to  the  left,  indicates  a  paralysis  of  both  superior  recti  or  a  paralysis 
of  one  superior  rectus,  combined  with  spasm  of  the  inferior  oblique  in  the 
same  eye. 

3.  Crossed  diplopia  (with  the  image  of  the  affected  eye  somewhat  below), 
combined  with  inability  of  the  eye  to  move  upward,  inward,  or  to  any  great 
extent  downward,  although  it  can  still  move  out  well,  indicates  oculomotor 
paralysis.  The  latter  is  complete  if  there  are  also  ptosis,  mydriasis,  and 
paralysis  of  accommodation. 

Convergent  Deviations ;  Ksophoria  and  Convergent  Squint. — 
A  convergent  deviation  may  exist  in  all  degrees,  from  an  esophoria  of  2°  or 
3°,  elicited  only  by  careful  tests  with  the  phorometer,  to  a  constant  converg- 
ent squint.    In  any  case  it  may  be  due  to — 

1.  Weakness  of  one  or  both  externi  or  over-action  of  one  or  both  interni, 
or  to  both  these  causes  combined  (muscular  deviation).  The  weakness  or 
over-action,  which  may  be  structural,  insertional,  paretic,  or  spastic  in  origin, 
produces  a  more  or  less  non-comitant  deviation  having  the  characters  already 
given  of  a  purely  muscular  anomaly  (see  pages  510  and  511).  Briefly  stated, 
these  characters  are  as  follows  : 

Outward  movements  of  one  or  both  eyes  diminished,  or  inward  movements 
of  one  or  both  increased,  the  increase  in  the  latter  case  being  equally  marked 
whether  the  eye  turns  inward  in  obedience  to  a  convergence-impulse,  or  in 
performing  an  associated  parallel  movement  with  the  other  eye.  In  per- 
forming associated  parallel  movements  the  restriction  of  outward  movement 
and  the  increase  of  inward  movement  are  marked  for  distance  as  well  as  for 
near.  The  amount  of  restriction  or  increase  usually  differs  for  the  two  eyes, 
and  the  sum  of  the  inward  and  outward  movements,  or  total  range  of  excur- 
sion, is  greater  in  one  eye  than  in  the  other,  and  in  one  eye,  at  least,  is  abso- 
lutely greater  or  less  than  normal  (enlargement  or  contraction  of  the  field  of 
fixation).  Degree  of  convergence  or  esophoria  (as  measured  by  the  diplopia, 
deviation  behind  the  screen,  parallax,  and  jihorometer)  is  not  materially 
different  for  distance  and  near,  but  changes  noticeably  as  the  eyes  are  moved 
to  the  right  or  to  the  left.  Near-point  of  convergence  usually  closer  to  the 
eyes  than  normal,  but  often  nearer  when  the  object  looked  at  is  carried  from 
one  side  obliquely  inward  toward  the  nose  than  when  it  is  carried  inward 
from  the  other  side. 

The  determination  of  the  specific  muscle  affected  can  by  means  of  the 
table  on  page  514  be  deduced  from  the  direction  of  the  gaze  in  which  the 
diplopia  or  deviation  increases  the  most. 

2.  Convergence-excess. — The  signs  of  this  are — 

For  distance,  convergence  or  esophoria  less  than  for  near,  and  usually 
slight.  Prism-divergence  (so-called  abduction)  normal  or  at  least  not  dispro- 
portionately low  (/.  e.  with  an  esophoria  of  3°-4°,  not  below  4°).  Prism-con- 
vergence (adduction)  readily  performed.  Associated  parallel  movements  nor- 
mal and  equal  in  the  two  eyes.  Total  range  of  excursion  normal  in  both  eyes. 
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For  near-point-,  convergence  or  esophoria  marked  (by  all  tests).  Con- 
vergence near-point  excessivelv  close  to  the  nose,  and  eqnally  so  whether  the 
object  looked  at  is  carried  toward  the  nose  from  the  right  or  from  the  left. 
Eye  moves  farther  inward  in  response  to  a  convergence-impnlse  than  when 
exccnting  a  parallel  movement  in  conjunction  with  the  other  eye.  Excess  of 
inward  movement  same  for  eacii  eye. 

Convergence-excess  is  often  due  to  excessive  accommodative  action  exerted 
to  overcome  hyperopia  or  astigmatism,  the  association  between  accommo- 
dation and  convergence  being  so  intimate  that  one  function  can  hardly  be 
brought  into  plav  without  bringing  in  the  other  with  it.  In  this  accommo- 
dative converironce-excess  tiie  sigus  above  ennmerattKl  will  tend  to  disapjjear 
upon  the  instillation  of  atroi)in  and  the  contimious  wearing  of  the  proper 
correcting  glasses.  But  cases  of  non-accommodative  convergence-excess  also 
occur,  and  in  these  glasses  afford  no  relief 

3.  I)ii-crge7ice-iu.si(Jficienci/. — The  signs  of  this  are — 

For  distance,  convergence  or  esophoria  marked.  Prism-divergence  (ab- 
duction) (lispn)i)ortionatcly  low,  absent,  or  even  negative  (?'.  c.  there  is 
homonymous  diplopia  that  the  patient  cannot  overcome,  except  when  prisms, 
base  out,  are  ])laced  before  the  eye).  Prism-convergence  (adduction)  normal 
or  often  subnormal.  Associated  parallel  movements  and  range  of  excursion 
equal  in  both  eyes,  and  normal  or  iiearly  so. 

For  near-points,  convergence  or  esophoria  slight  or  absent  or  even  replaced 
bv  exophoria.  Convergence  near-point  not  abnormally  close  to  the  nose,  and 
about  equally  far  from  the  latter  when  the  object  looked  at  is  carried  inward 
from  the  right  or  from  the  left. 

In  rare  cases  the  insufficiency  may  be  so  great  as  to  constitute  an  actual 
(Ih'crr/eucc-paraly.sis  (Parinaud,  Uhtholf,  Straub).  These  cases  are  character- 
ized by  homonymous  diplopia  for  distance,  with  marked  convergent  squint 
when  the  eyes  are  directed  straight  ahead  ;  both  the  diplopia  and  the  con- 
vergence diminishing  progressively  as  the  eyes  are  carried  to  the  right  or  to 
the  left.    Such  cases  may  be  secondary  to  an  abducens  paralysis. 

4.  A  convergence-excess  which  has  lasted  a  long  time  is  regularly  followed 
by  a  divergence-insufficiency,  and  a  divergence-insufficiency  of  long  standing 
is  followed  by  a  convergence-excess.  The  luixrd  form  thus  produced  is  cha- 
racterized by  marked  esophoria  (and  often  by  homonymous  diplopia)  for  both 
distance  and  near,  excessive  approximation  of  the  convergence  near-point, 
and  limited,  absent,  or  negative  prism-divergence  (abduction).  The  constant 
over-action  of  the  convergence  seems  to  lead  to  actual  over-development 
of  the  intern i,  and  the  uuder-action  of  the  divergence  to  actual  insnfficiency 
of  the  externi,  thus  causing  still  further  increase  of  the  deviation.  When 
the  deviation  becomes  too  great  for  the  patient  to  overcome,  so  that  binocular 
vision  can  no  longer  be  maintained,  a  squint  develops,  which,  at  first  inter- 
mittent, afterward  becomes  constant. 

This  conversion  of  an  esophoria  into  a  convergent  squint  is  favored  by 
the  presence  of  any  condition  (amblyopia  of  one  eye,  anisometropia)  which 
renders  binocular  vision  of  little  value. 

A  convergent  squint  thus  developed  is  prone  to  increase.  But  in  children 
such  a  squint  often  diminishes  and  sometimes  disapjiears,  owing  to  the  tendency 
that  the  eyes  have  to  become  divergent  during  the  age  of  growth  (see  page 
510). 

The  symptoms  of  convergent  deviations  are — homonymous  diplopia  (espe- 
cially in  cases  that  are  passing  from  the  state  of  a  heterophoria  to  that  of  a 
squint) ;  unilateral  amblyopia  and  loss  of  stereoscopic  vision  (in  true  squint) ; 
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and  asthenopia,  headache,  nenraloia,  and  nutritive  disturbances  in  esophoria 
proper  (especially  in  divergence-insufficiency). 

Divergent  Deviations;  Bxophoria  and  Divergent  Squint. — 

A  divergent  deviation,  whether  a  slight  exophoria  or  a  marked  divergent 
squint,  may  be  due  to — 

1.  AVeakness  of  one  or  both  interni  or  over-action  of  one  or  both  externi, 
or  to  both  these  causes  combined  {muscular  deciution).  Tlie  weakness  or 
over-action  may  be  structural,  insertional,  or  innervational,  and  produces, 
particularly  when  unilateral,  a  more  or  less  non-comitant  deviation  having 
the  following  characters,  indicative  of  a  purely  muscular  anomaly  (see  pages 
510  and  511). 

Outward  movements  of  one  or  both  eyes  increased  or  inward  movements 
of  one  or  both  diminished,  the  diminution  in  the  latter  case  being  equally 
marked  whether  the  eye  turns  inward  in  obedience  to  a  convergence-impulse 
or  in  performing  an  associated  parallel  movement  with  the  other  eye.  In 
performing  associated  parallel  movements  the  restriction  of  inward  move- 
ment and  the  increase  of  outward  movement  are  marked  for  distance  as  well 
as  for  near.  The  amount  of  restriction  or  increase  usually  differs  for  the 
two  eyes ;  and  the  sum  of  the  inward  and  outward  movements,  or  total  range 
of  excursion,  is  greater  in  one  eye  than  in  the  other,  and  in  one  eye,  at  least, 
is  absolutely  greater  or  absolutely  less  than  normal.  Degree  of  divergence 
or  exophoria  (as  estimated  from  the  diplopia,  deviation  behind  the  screen, 
parallax,  and  phorometer)  not  materially  different  for  distance  and  near,  but 
changes  noticeably  as  the  eyes  are  carried  to  the  right  or  to  the  left.  Near- 
point  of  convergence  often  more  remote  from  the  eye  than  normal,  but  may 
be  much  farther  when  the  object  looked  at  is  carried  from  one  side  obliquely 
inward  toward  the  nose  than  when  it  is  carried  obliquely  inward  from  the 
other  side. 

The  determination  of  the  specific  muscle  affected  may  be  deduced  (by 
means  of  the  table  on  page  514)  from  the  direction  of  the  gaze  in  which  the 
crossed  diplopia  or  the  exophoria  increases  the  most. 

2.  Convergence-insitfficiency. — The  signs  of  this  are — 

For  distance,  but  slight  divergence  or  perhaps  orthophoria.  Prism- 
divergence  (abduction,  so  called)  not  usually  above  10°  and  often  subnormal 
(6°).  Prism-convergence  (adduction)  often  performed  with  difficulty  even 
after  a  number  of  trials.  Associated  parallel  movements  and  total  range  of 
excursion  normal  or  nearly  so,  and  equal  in  both  eyes. 

For  near-points,  exoplioria  of  6°  and  u})ward  and  divergence  marked  (by 
all  tests).  Convergence  near-point  over  3"  (often  from  6"  to  10")  from  the 
nose,  and  equally  distant  from  the  latter  whether  the  object  looked  at  is 
carried  toward  the  nose  from  the  right  or  from  the  left.  Maintenance  of 
convergence  for  more  than  a  moment  difficult.  Eyes  turn  farther  inward  in 
performing  associated  ])arallel  movements  than  in  performing  convergence 
movements  (/.  e.  when  the  convergence  near-point  is  reached  either  eye  can 
turn  still  farther  inward,  but  the  other  eye  will  then  diverge).  Limitation 
of  movement  inward  same  for  each  eye. 

In  some  cases  the  insufficiency  is  so  great  as  to  constitute  an  actual  con- 
vfrqcnce-paralt/iii-s  (Parinaud,  A.  Graefe).  The  characteristic  sign  of  this  is 
that,  while  either  eye  can  move  inward  to  a  normal  degree,  provided  the  other 
eye  moves  outward,  it  cannot  move  inward  at  all  in  response  to  an  impulse  of 
convergence.  Hence,  the  convergence  near-point,  instead  of  receding  to  only 
6"  or  7'^,  is  situated  a  yard  or  more  from  the  eyes,  and  when  the  ol)ject  looked 
at  is  brought  nearer  than  this,  insuperable  crossed  diplopia  develops. 
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Owing  to  the  intimate  relation  exis^ting  between  accommodation  and  con- 
vergence, those  who  use  their  accommodation  but  little  in  looking  at  near- 
points  will  tend  to  converge  less  than  they  should.  Hence,  convergence- 
insufficiencv  occurs  in  myopes  who  wear  no  glasses  for  near,  and  also  in 
hyperopes  'and  presbyopes  who  wear  too  strong  convex  glasses  for  near. 
This  accommodative  iiimfficicnct/  will  disajipear  if  the  myope  is  made  to  wear 
concave  glasses  for  near,  and  if,  in  the  other  conditions,  the  strength  of  the 
convex  glass  is  lessened.  But  a  non-accommodative  convergence-insuf- 
ficiency, not  corrigible  in  any  such  way,  also  exists. 

3.  .Diirrr/ence-exccss. — The  signs  of  this  are — 

For  distance,  exophoria  or  divergence  marked.  Often  spontaneous 
crossed  diplopia.  Prism-divergence  (abduction)  high  (in  pure  cases  dispro- 
portionately so — /.  c.  with  an  exophoria  of  4°  or  5°  there  may  be  a  prism- 
divergence*  of  13°  or  15°).  Prism-convergence  (adduction)  usually  normal. 
Associated  parallel  movements  and  range  of  excursion  equal  in  both  eyes  and 
normal  or  nearly  so. 

For  near-points,  exophoria  or  divergence  slight.  Convergence  near-point 
and  power  of  maintaining  convergence  normal.  Convergence  near-])oint 
same  whether  the  object  looked  at  is  carried  from  the  right  or  from  the 
left  obliquely  toward  the  nose. 

4.  A  convergence-insufficiency  which  has  lasted  a  long  time  is  regularly 
followed  by  a  divergence-excess,  and  a  divergence-excess  which  has  lasted  a 
long  time  by  a  convergence-insufficiency.  The  mixed  form  thus  ])roduced  is 
characterized  by  marked  exophoria  (or  divergent  squint)  and  often  by  crossed 
diplopia  for  both  distance  and  near,  excessive  prism-divergence  (abduction), 
and  marked  recession  of  the  convergence  near-point.  Here,  as  in  esophoria, 
the  constant  over-action  of  the  divergence  jiroduces  apparently  an  actual 
over-development  of  the  externi,  and  the  under-action  of  the  convergence 
an  actual  insufficiency  of  the  interni,  thus  causing  still  further  increase  of 
the  deviation.  Here  also,  when  the  deviation  becomes  too  great  for  the 
patient  to  overcome,  so  that  binocular  vision  can  no  longer  be  maintained,  a 
squint  develops,  at  first  intermittent,  afterward  constant.  As  in  the  case  of 
the  convergent  deviations,  the  presence  of  anisometropia  or  unilateral  ambly- 
opia favors  this  conversion  of  an  exophoria  into  a  divergent  squint. 

A  divergent  squint  thus  developed  usually  increases. 

The  symptoms  of  divergent  deviations  are — crossed  diplojiia  (especially  in 
cases  that  arc  |)assing  from  the  state  of  a  hetcrophoria  to  that  of  a  squint)  ; 
unilateral  amblyopia  and  loss  of  stereoscopic  vision  in  cases  of  confirmed 
squint;  and  asthenopia  and  conjunctival  irritation  with  pain  in  the  eyes  in 
exophoria  (particularly  in  convergence-insufficiency).  Headache  is  less  fre- 
quent and  other  sym])toms  are  rather  rare. 

Vertical  Deviations ;  Hyperphoria  and  Vertical  Squint. — Ver- 
tical deviations,  whotiier  sujicrablo  (hypcrj)h()ria)  or  productive  of  an  actual 
squint,  are  either  comitant  or  non-comitant. 

1.  Non-comitant  hyperphoria  is  occasioned  by  under-action  or  over- 
action  of  one  or  more  of  the  elevators  or  depressors.  As  in  this  case  the 
deviation  fdotcM-mined  by  the  vertical  dijilopia,  deflection  behind  the  screen, 
parallax,  and  phoronieter)  varies  noticeably  in  different  directions  of  the  gaze, 
the  diagnosis  of  the  specific  muscle  affected  can  readily  be  made  from  the 
table  on  page  514.  In  a  number  of  these  cases  the  hyperphoria  is  apparently 
due  to  spasmodic  action  of  the  muscles,  since  it  changes  in  amount  from  one 
examination  to  another,  and  after  a  time  disappears  altogether. 

2.  In  a  comitant  hyperj)horia  the  deviation  (determined  by  the  diplopia, 
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deflection  behind  the  screen,  parallax,  and  phorometer)  remains  sensibly  the 
same  in  all  directions  of  tiie  gaze.  Some  of  these  cases  maybe  dne  to  a  ver- 
tical se})aration  of  the  visnal  axes,  dne  to  excessive  snrsnmvergence,  bnt  most 
are  probably  examples  of  a  non-com itant  hyperphoria  wliich  has  become 
comitant  through  the  agencies  already  described  (see  pages  508, '513).  In 
this  case  the  diagnosis  of  the  muscle  affected  is  usually  no  longer  possible. 

The  deviation  is  often  slight  (only  1°  or  2°).  When  slight  it  can  be 
overcome  by  the  action  of  sursumvei'gence.  In  well-marked  cases  it  will 
generally  be  found  that  there  is  a  dilferencc  of  1°  or  more  between  the  right 
and  left  snrsnmvergence,  the  former  predominating  in  right  hyperj)horia  and 
the  latter  in  left  hyperphoria. 

Hyperphoria  does  not,  in  general,  show  any  great  tendency  to  increase, 
and  cases  of  actual  vertical  squint — /.  c.  of  a  vertical  deviation  so  great 
that  binocular  fixation  can  no  longer  be  performed,  and  but  one  eye  fixes — are 
rare.  Such  a  squint  is  called  a  strahismm  su)\<mvw('r(/c)t><  \i'  the  deviating  eye 
stands  higher,  and  sfrabi.sinii.s  (leor.smiivcr(/c)is  if  it  stands  lower,  than  tlie  one 
which  regularly  performs  fixation. 

The  symptoms  of  vertical  deviations  are  vertical  diplopia,  blurring  of 
binocular  vision,  asthenopia,  headache,  neuralgia,  nausea,  vertigo,  disturbance 
of  nutrition,  choreiform  twitchings,  and  other  evidences  of  reflex  trouble. 
The  symptoms  in  general  are  more  frequently  present,  more  varied  in 
character,  and  more  severe  in  this  form  of .  ocular  deviation  than  in  any 
other. 

Associated  Parallel  Deviations. — Associated  parallel  deviations 
comprise — 

1.  Associated  Paralysis  and  Spasm. — Paralysis  of  the  movements  of 
both  eyes  to  the  right  or  of  both  eyes  to  the  left  frequently  occurs  in 
destructive  lesions  of  the  brain,  and  especially  in  apoplexy.  This  condi- 
tion is  not  due  to  paralysis  of  the  externns  of  one  eye  and  the  internus  of 
the  other,  since  the  internus  may  still  act  in  movements  of  convergence,  but 
it  is  due  to  the  involvement  of  the  higher  (association)  center  governing  the 
movement  of  both  eyes  to  the  right  or  to  the  left  (dextroversion  and  sinistro- 
version).  Paralysis  of  the  movements  of  both  eyes  up  and  of  both  eyes 
down  has  also  been  observed,  but  is  rare. 

Spasm  of  tlie  associated  parallel  movements  occurs  in  irritative  lesions  of 
the  brain  involving  the  association  centers  or  tracts,  and  also  in  hysteria.  It 
produces  a  spastic  deviation  of  both  eyes  in  the  same  direction  (right,  left,  up, 
down,  or  obli(juely). 

2.  Nystagmus. — Nystagmus  consists  in  a  very  rapid  oscillating  move- 
ment of  the  eye  in  some  one  direction.  Almost  invariably  both  eyes  take 
part  in  the  movement,  the  oscillations  of  the  two  being  equal  and  in  the  same 
sense.  According  to  tlie  direction  of  the  movement  nystagmus  is  called 
horizontal,  vertical,  rotary  (wlien  both  eyes  roll  like  wheels  in  the  same 
direction),  or  mixed  (when  oscillations  of  two  different  kinds  are  combined). 
Horizontal  nystagmus  is  much  the  most  frequent  form. 

jSivstagnuis  is  due  to  alternate  discharges  from  the  association  centers  for 
parallel  movements.  For  exam])le,  in  horizontal  nystagmus  there  is  first  a 
discharge  from  the  center  for  turning  both  eyes  to  the  right  (dextroversion 
center),  followed  at  once  by  a  discharge  from  the  center  for  turning  the  eyes 
to  the  left  (sinistroversion  center).  In  those  who  are  subject  to  it  it  is  often 
set  up  by  tlie  attempt  to  fix  the  eyes  on  an  object  or  to  turn  tliem  in  some 
special  direction.    It  occurs — 

(a)  As  a  residt  of  visual  defects  (such  as  cataract,  opacities  of  the  cor- 
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nea,  diseases  of  the  retina  and  choroid,  and  albinism),  which,  being  either 
congenital  or  acquired  soon  after  birth,  have  prevented  the  patient  from  ever 
seeing  well  or  from  learning  to  direct  his  eyes  properly. 

{b)  As  a  late  acquired  affection  in  disseminated  sclerosis,  in  hereditary 
ataxia,  and  in  hemorrhage,  degeneration,  inflannnation,  and  tumors  of  the 
meninges,  cord,  and  brain  (especially  the  cerebellum).  A  special  acquired 
form  occurs  in  miners  {miner' x  niixtugmm),  who  work  by  a  bad  light  and 
with  their  eves  in  a  strained  i)osition.  Nystagmus  may  also  be  produced  by 
a  rapid  rotation  of  the  hody  or  any  other  cause  atfecting  the  functions  of  the 
semicircular  canals  (auditory  disease).' 

In  some  of  the  forms  acquired  late  in  life,  i^articularly  miner's  nystag- 
mus, the  oscillation  of  the  eyes  produces  an  ai)parent  movement  of  objects 
looked  at,  with  consequent  vertigo.  Otherwise  the  disease  causes  no  symp- 
toms. 

Xvstagmus  occasionally  disappears  spontaneously  or  as  a  result  of  the 
removal  of  the  optical  defect  that  caused  it ;  and  miner's  nystagmus  may 
disappear  on  removal  of  the  i)atient  from  the  hurtful  conditions  under  which 
he  lives.    Otherwise  the  condition  is  not  susceptible  of  amelioration. 

Treatment  of  Ocular  Deviations. — The  first  indication  to  be  fulfilled 
where  possil)le  is — 1,  to  remove  the  cause  of  the  deviation.  Hence  in  paralysis 
or  spasm  due  to  syphilis,  meningitis,  periostitis,  and  exudative  processes  in 
general  we  use  iodids  and  mercurials  ;  in  rheumatic  paralyses  we  employ  the 
iodids,  salicylates,  and  diaplioresis ;  in  diabetic  paralyses,  the  appro])riate 
diet;  and  in  miner's  nystagmus  we  remove  the  patient  from  his  hurtful 
surroundings. 

2.  The  next  indication  to  be  fulfilled  in  all  cases  causing  symptoms  is  to 
correct  the  refraction.  Such  correction  will  in  many  cases  (e.  g.  those  of 
accommodative  convergence-excess  and  insufficiency)  remove  the  deviation 
itself ;  in  others,  while  having  no  eifect  upon  the  deviation,  it  will  do  away 
witii  the  symptoms.  In  esophoria  (particularly  in  convergence-excess)  the 
total  amount  of  hyperoj)ia  and  astigmatism  (determined  under  a  mydri- 
atic) should  be  prescribed  and  the  glasses  worn  constantly.  In  exophoria 
(particularly  convergence-insufficiency)  the  myopia  present  should  be  fully 
corrected,  and  the  conclave  glasses  worn  for  near  as  well  as  for  distance.  On 
the  otlier  hand,  it  is  often  ])roper  to  more  or  less  under-correct  hyperopia  or 
presbyopia  coexisting  with  convergence-insufficiency. 

In  ophthalmoplegia  interna  it  is  often  necessary  to  prescribe  a  convex 
glass  for  the  affected  eye  to  supplement  its  lost  accommodation. 

3.  Exercise,  tonics,  and  other  corroborant  measures  are  frequently  re- 
cpiired  in  debilitating  affections,  neurasthenia  and  hysteria,  which  by  causing 
a  tem])orary  enfeeblement  of  the  muscles  either  produce  a  deviation  directly 
or,  in  case  one  is  already  present,  interfere  with  its  proj)er  com])ensation. 

4.  The  bromids  may  be  of  use  in  certain  cases  of  sjiasm.  Other  remedies, 
such  as  strychnin,  elecfricifi/,  etc.,  wliicli  are  su]^})osed  to  a(^t  directly  upon  the 
muscles  or  nerves,  are  of  little  value,  except  in  so  far  as  they  improve  the 
general  nutrition.  Tlie  same  may  be  said  with  even  more  force  of  electricity 
and  eseriii  in  o})hthalmop]egia  interna. 

5.  Exercise  of  the  ])rism-convergence  (so-called  adduction)  with  prisms, 
base  out,  is  often  useful  in  exophoria  (particularly  convergence-insufficiency), 
but  often  fails.    Exercise  with  prisms,  base  in,  in  esophoria  is  of  no  service. 

1  Nystagmus-like  twitchings  of  a  muscle  (especially  a  paretic  muscle)  mav  also  occur  when 
the  latter  is  carried  to  tlie  extreme  limit  of  its  excursion,  but  this  is  not  nystagmus  in  the 
proper  sense  of  tlie  term. 
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Prisms  for  continuous  wear  may  be  useful,  particularly  in  slight  and 
stationary  vertical  deviations.  Their  employment  in  lateral  deviations  is  to 
be  avoided,  except  as  a  temporary  measure,  since  prisms,  base  in,  tend  to  pro- 
duce convergence-insutiiciency,  and  prisms,  base  out,  a  convergence-excess,  so 
that  in  both  cases  they  ultimately  increase  the  deviation  which  they  are 
designed  to  correct. 

(j.  The  muscles  may  be  exercised,  not  only  by  means  of  prisms,  but  also 
by  making  forced  movements  of  the  eyes  in  ditierent  directions,  up,  down, 
right,  and  left ;  by  making  forced  movements  of  convergence  in  looking  at 
near  objects  ;  by  forcing  the  eyes  to  overcome  a  natural  diplopia  of  small 
amount;  and  by  forcing  the  eyes  to  move  so  as  to  unite  the  images  of  two 
objects  which  are  some  distance  apart.  These  orthoptic  exercises,  as  they  are 
called,  should  not  be  kept  up  for  more  than  a  few  minutes  at  a  time,  but 
may  be  repeated  several  times  a  day. 

7.  An  operation  is  to  be  done  only  when  the  symptoms  are  marked  and 
Avhen  it  is  apparent  that  all  other  measures  will  fail.  In  structural  and  inser- 
tional  muscular  anomalies  an  o})eration  is  generally  indicated,  and  does  good 
serv^ice.  In  paretic  and  spastic  deviations  it  is  indicated  only  when  we 
are  assured  that  the  condition  has  become  stationary.  In  convergence  and 
divergence  anomalies  it  is  usually  indicated  when  the  deviation  is  marked 
and  when  correction  of  the  refraction  after  long  trial  has  afforded  no  relief. 
In  all  cases  the  rule  is  to  perform  tenotomy  of  an  over-acting  muscle  and 
advancement  of  one  that  is  under-acting,  provided  always  that  the  latter  is 
capable  of  acting  at  all.    The  specific  operations  to  be  employed  are — 

(a)  In  esophoria  (or  convergent  squint),  when  due  to  over-action  of  one 
or  both  interni  or  to  convergence-excess,  tenotomy  of  one  or  both  interni ; 
when  due  to  weakness  of  the  externi  or  to  divergence-insufficiency,  ad- 
vancement of  one  or  both  externi  combined,  especially  if  there  is  over- 
action  of  convergence  or  over-action  of  the  interni,  with  tenotomy  of  the 
latter. 

(6)  In  exophoria,  when  due  to  over-action  of  one  or  both  externi  or  to 
divergence-excess,  tenotomy  of  the  externi ;  when  due  to  convergence- 
insufficiency  or  to  actual  insufficiency  or  paresis  of  one  or  both  interni, 
advancement  of  the  latter,  combined,  if  necessary,  with  tenotomy  of  the 
externi. 

(c)  In  non-comitant  hyperphoria,  when  due  to  weakness  of  the  superior  or 
inferior  rectus,  advancement  of  the  weak  muscle  ;  when  due  to  over-action  of 
the  superior  or  inferior  rectus,  tenotomy  of  the  over-acting  muscle  ;  when  due 
to  weakness  (paresis)  of  the  superior  oblique,  tenotomy  of  the  inferior  rectus 
of  the  other  eye  ;  wlien  due  to  over-action  of  the  superior  oblique,  advance- 
ment of  the  inferior  rectus  of  the  other  eye ;  when  due  to  weakness  of 
the  inferior  oblique,  tenotomy  of  the  superior  rectus  of  the  other  eye  ;  and 
when  due  to  over-action  of  the  inferior  oblique,  advancement  of  the  superior 
rectus  of  the  other  eye.  A  comitant  hyperphoria  is  generally  best  remedied 
by  tenotomy  of  the  superior  rectus  of  the  higher  eye. 

In  performing  either  a  tenotomy  or  an  advancement  the  precise  amount 
of  the  deviation  should  be  measureci  (when  ])ossible  by  the  phorometer)  before 
and  during  the  operation,  the  latter  being  done  in  successive  steps,  and  its 
effect  gradually  increased  until  just  the  desired  amount  of  correction  is  ob- 
tained. As  the  ultimate  effect  is  somewhat  less  than  the  primary,  it  is 
advisable  in  operations  upon  the  lateral  muscles  '  (especially  advancements) 

^  Operations  upon  the  superior  and  inferior  recti,  if  carefully  performed,  do  not  need  to  be 
overdone. 
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to  produce  an  over-effect  of  about  3°/  An  exception  is  in  the  convergent 
S(piint  of  young  persons,  in  wliicii  we  prefer  to  leave  a  slight  amount  of 
convergence,  so  as  to  prevent  a  possible  over-correction  later,  and  in  large 
deviations,  in  which  the  best  plan  is  to  divide  the  o])eration  between  the  two 
eyes. 

In  the  author's  experience  the  best  results  are  secured  if  the  tenotomy  is 
performed  by  the  open  method,  the  incision  being  made  in  the  middle  of  the 
tendon,  near  its  insertion,  and  carried  gradually  up  and  down  until  the  tests 
show  that  the  fibers  are  sufficiently  detached.  A  bandage  is  not  applied  in 
the  case  of  a  simple  tenotomy,  and  the  patient  is  encouraged  to  use  his  eyes  for 
distant  vision  directly  after  the  o])eration,  for  then  the  directive  influence  of 
binocular  fixation,  exerted  upon  the  tissues  when  tiiey  are  still  plastic,  tends 
to  make  the  eyes  assume  their  })roj)er  position  with  regard  to  each  other.^  In 
advancement  a  bandage  is  requiretl  to  prevent  sudden  movements  of  the  eye, 
which  would  produce  loosening  of  the  sutures. 

If  an  excessive  over-correction  is  produced,  the  surplus  should  be  at  once 
removed  by  inserting  a  suture  and  making  the  proper  traction. 

^  The  operation,  however,  should  not  be  carried  so  far  as  to  reduce  the  diverging  power 
(abduction)  to  below  o°  or  increase  it  to  above  12°. 

*This  tendency  may  be  reinforced  by  exercises  with  prisms  performed  systematically  while 
the  tissues  are  healing. 
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CONGENITAL  ANOMALIES. 

Congenital  faults  in  the  development  of  the  orbits  have  been  described 
in  all  degrees,  from  trifling  defects  in  limited  portions  of  their  bony  walls  to 
complete  absence  of  these  cavities,  one  or  both ;  in  the  latter  case  the 
structures  they  are  designed  to  enclose  are  also  wanting.  In  the  lesser 
defects  the  orbital  contents  may  be  modified  in  various  ways.  Such  modifica- 
tions as  affect  the  eyeballs  are  of  special  interest.  Of  these  there  are  four 
well-known  conditions.  They  are — anophthalmos,  microphthalmos,  megal- 
ophthalmos,  and  cyclojiia.  The  first  three  of  these  are  not,  however,  neces- 
sarily associated  with  anomalies  in  the  construction  of  the  orbits.  Although 
congenital  defects  of  this  class  are  usually  bilateral,  one-sided  faults  are  by 
no  means  inicommon, 

Anophthalmos. — Congenital  absence  of  both  eyes  is  a  rare  condition 
(still  more  rarely  is  this  condition  unilateral — mo7iopJithahnoi^).  In  most  of 
these  cases  the  palpebral  fissure  has  been  found  closed  or  very  narrow,  the 
conjunctival  sac  small,  of  a  pale-red  color,  and  the  eyeball  totally  absent  or 
only  represented  by  a  soft,  irregular  flesh-like  mass.  Several  or  all  of  the 
extrinsic  ocular  muscles  have  been  found  in  comiection  with  this  rudimentary 
mass.  The  orbital  cavities  are  always  smaller  than  normal,  and  the  adnexa 
of  the  eye,  when  present,  are  small  and  ill-developed.  The  faulty  develop- 
ment in  these  cases  is  not  confined  to  the  orbits  and  their  contents,  but 
involves  also  the  ohiasma,  optic  tracts,  corpora  quadrigemina,  and  sometimes 
adjacent  parts  of  the  cerebrum. 

A  few  instances  of  monolateral  anophtlialmos  have  been  observed.  In 
one  of  these  the  single  eye  was  normally  developed.  Tiiis  anomaly  is  ex- 
plained by  failure  of  the  primary  optic  vesicle  to  bud  from  the  anterior 
primary  encephalic  vesicle,  or,  having  budded,  it  has  failed  to  form  a  sec- 
ondary 0}>tic  vesicle.  In  every  case  the  eye  was  ])roperly  situated,  even  when 
verv  imperfect — a  feature  which  justifies  the  use  of  the  term  )iiou,ophth(i linos 
in  describing  this  deformity,  and  distinguishes  it  from  the  more  common 
monstrosity  known  as  cjjclojjid. 

Cyclopia. — This  anomaly  is  a  fusion  of  both  orbits  and  their  contents, 
with  a  single  eyeball  situated  in  the  middle  line  just  above  the  ordinary  posi- 
tion of  the  root  of  the  nose.  This  single  eye  may  be  larger  or  smaller  than 
normal  for  the  general  development,  but  always  shows  unmistakable  evidence 
of  an  imperfect  fusion  of  the  two  eyes.  The  same  is  true  of  the  (idiic.va  of  the 
eye.  In  all  such  cases  the  ethmoid  is  absent  or  only  rudimentary.  The  olfac- 
tory nerves  are  wanting,  and  the  cerebrum  is  so  imperfectly  formed  that, 
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althoiicrh  some  cyclops  have  been  living  when  born,  all  that  the  writer  has 
been  able  to  tind'reeords  of  have  died  within  a  very  short  time  after  birth. 

Microphthalmos.— Eyes  which  at  birth  are  considerably  smaller  or 
larger  than  normal  are  seldom,  if  ever,  snfficiently  normal  in  other  respects 
to  admit  of  useful  vision.  These  peculiarities  are  probably  the  result  of 
some  pathological  process  in  utero,  rather  than  a  mere  arrest  or  excess  of 
devel()j)ment.    Either  condition  may  be  found  in  one  or  both  eyes. 

In  microphthalmos  tiio  whole  globe  is  uniformly  spherical,  sometimes  flat- 
tened below  ;  the  cornea  is  usually  very  much  smaller  than  normal,  its  margins 
ill-defined,  and  curvature  of  the  same  radius  as  the  adjacent  sclerotic ;  the 
anterior  chamber,  iris,  and  pupil  are  correspondingly  diminished.  The  pal- 
pebral fissure  is  narrow,  and  the  lids,  unsupported  by  the  globe,  are  partly 
deprived  of  their  ordinary  functions.  The  changes  in  the  interior  of  the 
globe  have  not  been  fully  studied.  According  to  Manz,  they  are  often  of  a 
degenerative  character,  such  as  occur  in  phthisis  bulbi  from  other  causes.  In 
the  higher  grades  of  microphthalmos  vision  is,  of  course,  entirely  wanting. 

Megalophthalmos  is  a  rare  congenital  anomaly  in  which  the  cornea 
and  anterior  chamber  are  larger  than  normal  {Jiydrophiliabnos  anfcfhr).  The 
explanation  of  this  is  ])robably  to  be  found  in  some  intra-uterine  pathological 
condition  in  which  the  intra-ocular  tension  has  been  increased  at  a  time  when 
the  cornea  possessed  less  resisting  power  than  the  sclerotic,  and  therefore 
became  distended,  whilst  the  posterior  segment  of  the  eyeball  remained 
relatively  unaffected  in  its  development  (see  also  pages  329  and  385). 

DISEASES  OF  THE  ORBIT. 

A  glance  at  Fig.  323  shows  that  the  eyeball  is  rather  loosely  slung  in  the 
conical  bony  cavity  of  the  orbit,  well  toward  its  anterior  part.    The  bony  walls 
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Fig.  323.— Sagittal  section  of  orbit  (De  Wecker  and  Landolt). 


of  this  hollow  cone  are  so  unyielding  that  any  considerable  augmentation  of  its 
contents  or  encroachment  from  without  will'  have  the  effect  of  displacing  the 


PERIOSTITIS. 


525 


eyeball.  The  displacement  will  naturally  be  greatest  in  the  direction  of 
least  resistance,  which,  in  a  general  way,  is  obviously  forward. 

General  Symptoms  of  Orbital  Disease. — Most  of  the  pathological 
conditions  met  with  in  the  orbit  either  increase  its  contents  or  come  from 
encroachment  upon  some  i)art  of  its  walls;  hence  a  more  or  less  forward 
displacement  of  the  eyeball — proptosis — is  the  most  usual  sign  of  disease 
of  the  orbit. 

In  the  normal  state  the  eyeball  is  freely  movable  in  every  direction  by 
means  of  the  three  pairs  of  ocular  muscles,  each  one  of  which  is  situated 
entirely  within  the  orbit,  and  therefore  liable  to  loss  of  function  from 
changes  in  the  tissues  surroundiug  them  ;  hence  another  connnon  sign  of 
orbital  disease  is  aheration  in  the  iiiobiiifi/  of  the  ci/e.  Inflammatory  processes 
or  morbid  growths,  which  cause  infiltration  of  the  tissues  surrounding  the 
muscles,  are  especially  liable  to  result  in  fixation  of  the  eyeball.  Periostitis, 
even  of  a  limited  extent,  at  the  apex  of  the  orbit  may  have  a  similar  effect 
by  pressure  upon  the  motor  nerves  as  they  pass  through  the  Sylvian  fissure, 
thus  causing  a  paralytic  iuimobility. 

On  the  other  hand,  a  higli  degree  of  proptosis,  caused  by  non-infiltratiug 
growths  arising  witiiin  the  orbit  or  projectiug  into  it  from  adjacent  parts,  is 
compatible  with  free  mobility  of  the  eyeball,  as  in  certain  orbital  cysts  and 
other  encapsuled  new  growths.  Ouly  in  case  of  one-sided  exophthalmos  can 
a  fairly  accurate  estimate  of  the  displacement  be  made  by  comparison  with 
the  position  of  the  eyeball  in  the  normal  orbit.  If  the  displacement  is 
bilateral,  its  degree  is  a  matter  of  conjecture,  and  allowance  must  be  made  for 
the  fact  that  a  wide  palpebi-al  fissure  simulates  exophthalmos,  whilst  a  narrow 
fissure  may  simulate  tlie  opposite  condition  or  enophthabnoi^. 

The  differential  diagnosis  of  orbital  disease  will  be  greatly  facilitated  by 
a  careful  consideration  of  the  following  less  constant  signs  : 

(1)  Redness,  swelling,  and  edema  of  the  lids,  es]iecially  conspicuous  in  the 
inflammatory  affections  of  the  cellular  tissue  of  the  orl)it. 

(2)  Cheniosi.s  of  the  conjunctiva,  either  general  or  localized,  over  a  certain 
portion  of  the  globe  nearest  the  area  of  disease. 

(3)  Fluctuation  is  likely  to  be  present  when  an  abscess  of  the  orbit  has 
formed,  but  cannot  always  be  made  out  with  certainty. 

(4)  PaJn,  intensified  when  the  patient  attempts  to  rotate  the  eyeball  or 
when  it  is  pressed  backward,  and  the  surroundings  are  palpated  by  the  sur- 
geon. Tenderness  on  pressure  of  the  orbital  margins  is  a  common  sign  in 
periostitis  of  the  orbit,  and  frontal  headache  is  often  intense  during  the  acute 
stages  of  inflammation  in  the  orbital  tissues,  or  of  the  frontal  sinus. 

(5)  Disturbance  of  vision  is'  often  absent,  but  becomes  a  valuable  sign 
when  associated  with  changes  in  the  fimdus  oeuli,  such  as  papillitis,  pallor 
of  the  optic  nerve,  or  retinal  hemorrhages.    Diplopia  is  also  common. 

Periostitis. — Periostitis  of  the  orbit  occurs  in  two  forms,  acnte  and 
chronic.  The  terms  circumscribed  and  disuse  are  a])plicable  according  to  the 
supposed  periosteal  area  involved  in  either  variety. 

Etiology. — Certain  diathetic  states  predispose  to  this  disease.  They  are — 
scrofula,  syphilis,  aiul  rheumatism.  Injuries  and  sudden  changes  of  tem- 
perature are  recognized  exciting  causes,  but  in  many  cases  the  exciting  cause 
cannot  be  positively  determined. 

This  disease  attacks  by  preference  the  margin  of  the  orbit  (especially  the 
outer  margin),  and  extends  more  or  less  widely  ;  suppuration  (abscess)  is 
prone  to  occur. 

Symptoms. — The  symptoms  of  an  ordinary  acute  marginal  periostitis 
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are— swelling,  edema,  and  redness  of  the  lids ;  chemosis  of  the  conjunctiva, 
commencing  at  the  ccpiator  of  the  globe ;  pain  and  tenderness  on  pressure  al 
the  part  of  the  orbital  margin  affected.  Sometimes  a  highly  sensitive,  tense 
spot  may  be  discovered  witii  the  linger,  or  Huctuation  if  pus  has  formed. 

Amtc  paridal  (deep-seated)  orbital  periostitia  is  difficult  to  distinguish 
from  cellulitis.  The  symptoms  are  violent  and  severe — intense  headache, 
pyrexia,  sometimes  nausea,  vomiting,  and  great  prostration.  The  local  symp- 
toms are — swelling  of  the  lids,  chemosis,  pain,  increased  Avhen  the  eyeball  is 
pressed  backward,  and  more  or  less  displacement  and  immobility  of  the 
eyeball. 

Chronic  orbital  periodltls  is  far  more  frequent  than  the  acute  form, 
and  is  nearly  always  distinctly  circumscribed.  Its  course  is  tedious,  lasting 
for  months  or  years.  All  the  symptoms  are  less  intense,  though  similar  in 
other  respects,  ex('e])t  that  the  swelling  of  the  lids  is  more  a  simple  edema 
and  the  patient  complains  of  a  dull  pain,  usually  Avorse  at  night.  It  com- 
monly results  in  abacess  of  the  orbit,  occasionally  in  gradual  resolution. 
Whenever  pus  has  formed  beneath  the  periosteum  caries  or  necroses  of  the 
bone  are  liable  to  occur,  and  there  is  always  danger  of  extension  to  the 
cranial  cavity  or  septic  infection,  particularly  when  the  disease  is  parietal. 
If  tile  consecutive  bone-disease  involves  the  orbital  margin,  adhesion  and 
retraction  of  the  adjacent  skin  may  cause  eversion  and  distortion  of  the  eye- 
lids.   This  result  is  very  common  in  children. 

Prognosis. — This  must  be  based  chiefly  on  a  recognition  of  the  foregoing 
facts,  and,  in  acute  cases,  on  the  immediate  effects  of  treatment. 

Treatment. — If  the  case  is  seen  before  pus  has  formed,  leeches  applied 
to  the  temple,  cold  compresses  over  the  eyelids,  and  other  antiphlogistic 
measures  may  arrest  the  inflammation.  If  pus  is  present  or  its  formation 
seems  to  be  inevitable,  hot  applications  may  be  used,  but  incision  should  not 
be  long  delayed  (see  Operations  on  the  Orbit) ;  and  in  no  case,  acute  or 
chronic,  should  an  abscess-formation  in  the  orbit  be  allowed  to  undergo 
spontaneous  ru])ture.  After  an  o]iening  has  been  established  suitable  drainage 
and  careful  daily  cleansing  will  be  required  so  long  as  the  discharge  continues 
from  the  opening. 

Appro])riate  remedies  for  the  underlying  constitutional  cause  must  be 
administered  in  all  cases.  If  syphilitic,  the  judicious  use  of  mercury  and 
iodid  of  potassium  may  be  expected  to  give  excellent  results.  In  rheumatic 
or  strumous  cases  constitutional  treatment,  although  undoubtedly  beneficial,  is 
not  so  distinctly  curative. 

Caries  and  necrosis  of  the  orbit  are  i)]-ol)ably  always  preceded  by 
periostitis,  of  Avhich  they  are,  therefore,  common  sequels. 

Caries  affects  by  preference  the  lower  outer  orbital  margin,  but  may  attack 
any  ])art  of  the  orbital  Malls,  -when  dee]>-seated  brain-complications  are  not 
unlikely  to  occur.  It  is  seldom  seen  in  adult  life;  often  in  children.  A 
fistulous  opening,  surrounded  by  granulations,  leads  to  an  area  of  softened 
bone,  which  may  be  detected  by  careful  use  of  a  probe.  Retraction  of  the 
skin  and  deformity  of  the  lid,  usually  ectropion,  ensues  in  most  cases. 

Necrosis  is  fiir  less  frequent  than  caries,  and  belongs  to  adult  life.  It  is 
apt  to  follow  denudation  of  a  large  area  of  bone  from  periostitis,  or  a  frag- 
ment of  bone  detached  by  traumatism  from  the  orbital  margin  may  become 
necrosed  (Fig.  324). 

Treatment. — The  fistulous  opening  and  sinus  should  be  gentlv  cleansed 
two  or  three  times  daily  with  some  antiseptic  fluid.  Mineral  acids  may  be 
cautiously  employed  locally  for  the  purpose  of  gradually  dissolving  the 
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diseased  bone.  Meddlesome  surgery  and  the  injudicious  use  of  probes  are 
harmful,  and  may  induce  orbital  cellulitis  or  an  extensi(jn  of  the  disease. 
Removal  of  tlis(!ased  bone  may  (jnly  be  undertaken  when  near  the  surface 
or  obviously  completely  detacheil ;  when  the  roof  of  the  orbit  is  the  part 
alfected,  the  surgeon  should  be  extremely  careful  in  the  use  of  instruments. 

This  disease  is  essentially  chronic,  and,  besides  the  local  treatment, 
appropriate  constitutional  remedies  will  be  in  order  until  a  cure  is  effected. 


Fig.  324. — Syphilitic  caries  of  the  inner  wiiil  of  the  orbit. 


The  case  represented  in  Fig.  324  recovered  without  a  trace  of  deformity,  after 
a  course  of  mercurial  inunctions  followed  by  potassium  iodid  in  large  doses. 

Cellulitis  {Plilcgmon  of  the  Orbit). — This  disease  does  not  always  present 
the  same  clinical  picture.  In  all  its  forms  the  soft  tissue  surrounding  the  eye- 
ball is  inflamed,  but  the  inflammation  may  be  acute,  subacute,  or  chronic,  mono- 
lateral  or  bilateral.  The  inflammatory  process  may  terminate  in  resolution, 
but  commonly  leads  to  suppuration  and  abscess. 

In  mild  cases  the  symptoms  are — moderate  swelling  of  the  lids,  some 
exophthalmos,  diplopia,  dull  pain,  and  little  or  no  constitutional  disturbance. 

Acute  phlcfjinonous  orbital  ceflidifis  comes  on  with  chills,  pyrexia,  and  deep- 
seated  pain,  aggravated  by  movements  of  the  eyes.  Intense  headache  is  a 
common  symptom.  Loss  of  mobility  of  the  eyeball  may  be  com])lete.  The 
lids  become  greatly  swollen,  red,  and  edematous  ;  the  conjunctiva  is  chemosed 
and  hyperemic,  suggesting  a  violent  purulent  conjunctivitis  or  a  ])ano]ihthal- 
mitis;'  but  the  absence  of  profuse  suppuration  of  the  conjunctiva  and  the 
preservation  of  a  normal  red  reflex  from  the  pupil  will  prevent  such  an  error 
of  diagnosis  (Fig.  325).  Vision  may  be  unaffected  for  some  time,  but  it  is 
not  unusual  for  neuro-retinitis  to  ap})ear,  and  this,  in  turn,  may  pass  over  into 
atrophy  of  the  optic  nerve  and  l)lindness.  The  pressure  on  the  eyeball  may 
cause  dilatation  of  the  pupil,  anesthesia,  or  ulceration  of  the  cornea,  and,  occa- 
sionally in  bad  cases,  panophthalmitis. 

In  certain  cases  of  an  erysip)elatous  ti/pc  extensive  intra-ocular  changes  have 
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Fig.  325.— From  a  photograph  of  a  patient  in 
the  Philadelphia  Hospital,  under  tlie  care  of  Dr. 
de  Sehweiuitz,  surtbring  from  double  orbital  cel- 
lulitis the  result  of  erysipelas. 


been  observed,  due  probably  to  arrest  of  the  circulation  in  the  retinal  blood- 
vessels, and  consequent  edematous  exudation  and  hemorrhages  m  the  retina. 

Finallv,  an  aUces.^  forms,  witli  cliaracteristic  Huctuation,  usually  below 
the  inner'  portion  of  the  supra-orbital  ridge.    Sometimes  the  inflammation 

leading  to  abscess-formation  is  of  a 
more  chronic  (;haracter,  and  may  not 
involve  the  entire  orbital  cellular  tis- 
sue, as  where  the  disease  originates  in 
the  bone  or  periosteum  in  scrofulous 
subjects,  or  in  tlie  vicinity  of  a  foreign 
body  imbedded  in  the  orbit. 

Etiology. — ^^'ilen  orbital  cellulitis 
cannot  be  traced  to  any  definite  cause, 
it  is  said  to  be  idiopathic.  Among  the 
many  recognized  causes  are — exposure 
to  excessive  clianges  of  temperature, 
certain  febrile  conditions,  such  as  scar- 
latina, typhoid  fever,  meningitis,  and 
facial  erysijielas.  The  last  disease  is 
responsible  for  the  most  violent  tyjies 
of  orbital  cellulitis,  which  is  then  apt 
to  be  bilateral.  Diseased  teeth  and 
suppuration  in  adjacent  cavities  have 
been  known  to  cause  the  affection.  It 
occurs  as  a  metastasis  in  jiyemia  and  in 
puerperal  se])ticemia,  and  in  all  cases  of 
acute  panophthalmitis  there  is  more  or  less  diffuse  inflammation  of  the  tissues 
surrounding  the  eyeball. 

Prognosis. — This  is  favorable  in  mild  cases  and  those  of  a  more  chronic 
character,  and  recovery  is  likely  to  be  perfect  when  the  disease  terminates  in 
resolution. 

Although  purulent  collections  in  the  orbit  usually  tend  toward  the  surface, 
there  is  always  a  liability  to  cerebral  complications,  which  almost  certainly 
terminate  fatally.  These  are — meningitis,  cerebral  abscess,  and  the  extension 
of  ])hlel)itis  of  the  orbital  veins  to  the  cerebral  sinuses.  In  this  way  the 
other  orbit  may  become  involved  through  the  intervention  of  the  cavernous 
sinus.  In  double  cases  of  this  nature  a  fatal  issue  is  to  be  expected.  If 
orbital  cellulitis  originates  from  ])yemia  or  septicemia,  the  chances  of  recovery 
are  of  course  exceedingly  limited. 

The  danger  to  vision  is  to  be  estimated  by  the  character  and  extent  of  the 
ocular  complications  already  mentioned. 

Treatment. — Absolute  rest  in  bed  is  essential.  In  the  early  stage  of  acute 
inflammation  cold  compresses,  leeches  to  the  tem])lc,  aconite,  and  derivatives 
may  be  employed.  If  these  measures  are  not  effective  in  a  short  time,  a 
change  must  be  made  to  hot  fomentations  and  general  supj)orting  treatment, 
or  this  plan  must  be  adopted  at  the  outset  if  there  is  evident  depression  of 
the  vital  forces. 

If  there  is  reason  to  believe  that  suppuration  has  taken  place,  no  time  is 
to  be  lost  in  making  one  or  more  incisions  dee)>  enough  to  reach  the  suspected 
pus.  Incisions  are  best  made  with  a  Gniefe  knife,  through  the  conjunctiva,  the 
flat  of  the  blade  facing  the  eyeball.  If  pus  is  discovered,  drainage  must  be 
maintained  by  means  of  rubber  tubing  or  strips  of  iodoform  gauze,  and 
systematic  cleansing  of  the  cavity  with  antiseptic  solutions  Avill  be  necessary 
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until  all  suppuration  has  ceased.  Ocular  complications  which  tin-eaten  loss 
of  vision  demand  operative  interference  even  when  tliere  is  no  positive  evi- 
dence of  suppuration. 

Inflammation  of  the  Oculo-orbital  Fascia  {Tenonitis) —As  a  pri- 
mary atiection  this  disease  is  exceedingly  lare,  and  is  supposed  to  be  an 
iuHammatorv,  serous  exudation  into  Tenon's  capsule  of  rheumatic  origin,  but 
a  few  cases  have  been  observed  in  connection  with  diphtheria  and  during 
attacks  of  influenza. 

Its  characteristic  feature  is  a  watery  chemosis  of  the  ocular  (lonjunctiva, 
partial  or  complete,  and  out  of  proportion  to  other  local  manifestations  of 
disease.  There  is,  however,  more  or  less  edema  of  the  eyelids,  some  loss 
of  mobility  of  the  eye,  perhaps  diplopia,  exopiitiialmos,  and  a  feeling  of  ten- 
sion about  the  eye,  and  pain  when  its  ordinary  movements  arc  attem])ted. 

The  treatment  consists  in  hot  fomentations  and  the  administration  of 
potassium  iodid,  salicylates,  or  the  subcutaneous  injection  of  pilocarpin. 

A  secondary  tenonitis,  with  more  solid  exudation,  is  associated  with  any 
violent  inflammation  of  the  eyeball,  and  occasionally  follows  certain  trauma- 
tisms,  sncli  as  squint-operations  ])erfornicd  without  antiseptic  precautions. 

Thrombosis  of  the  cavernous  sinus,  as  already  stated,  may  result 
from  pidcbitis  of  the  orbital  veins  during  phlegmonous  inflammation  of  the 
orbit,  or  it  may  be  of  intercranial  origin,  as  in  caries  of  the  petrous  portion 
of  the  temporal  bone  resulting  from  middle-ear  disease,  with  infection  of  the 
superior  petrosal  and  cavernous  sinus. 

A  fetid  discharge  from  the  ear,  with  or  without  edema  over  the  mastoid, 
and  evidences  of  an  orbital  cellulitis  and  grave  cerebral  symptoms,  are 
characteristic  of  this  condition,  which  probably  always  terminates  fatally. 

Tumors  of  the  Orbit. — The  scope  of  this  article  admits  only  of  a  brief 
outline  of  this  extensive  subject,  which,  for  convenience,  may  be  arranged 
according  to  the  following  headings  : 

1.  Tumors  of  the  tissues  of  the  orbit ; 

2.  Tumors  arising  from  the  periosteum  or  bony  w^alls  of  the  orbit 

(exostosis,  etc.) ; 

3.  Tumors  arising  in  the  cavities  or  tissues  close  to  the  orbit ; 

4.  Pulsating  exophthalmos. 

New  growths  originating  within  the  eyeball  are  not  classified  as  orbital 
tumors,  except  when  met  with  as  local  recurrences  after  removal  of  the  eye. 

The  terms  primari/,  mcfastatic,  Gongenital,  malignant,  and  benign,  as 
applied  to  tumors  of  the  orbit,  have  the  same  significance  as  in  other  depart- 
ments of  surgery,  and  are  intended  to  convey  an  idea  as  to  the  nature  of  the 
growth. 

All  orbital  tumors  that  have  attained  a])preciable  dimensions  arc  likely  to 
cause  disphicement  of  the  eyeball.  When  confined  within  the  funnel  of  the 
straight  muscles  the  proptosis  is  in  a  forward  direction  ;  displacement  in  any 
otiier  direction  will  depend  upon  the  size  and  jiosition  of  the  tumor  accord- 
ing to  the  position  or  point  of  origin  of  the  growth.  Special  sym]>toms  in 
any  case  w^ill  depend  upon  the  size,  position,  nature,  and  density  of  the 
growth.  As  the  eyeball  becomes  pushed  out  of  its  natural  jiosition,  the  lids 
become  distended  and  aj^parentlv  enlarged  ;  occasionally,  in  liigii  degrees  of 
proptosis,  they  fail  to  close  over  the  eyeball,  and  sometimes  even  recede  beyond 
its  equator. 

Prog-nosis. — This  depends  on  the  nature,  position  and  size,  density,  rate 
of  growth,  and  possibility  of  successful  surgical  interference  and  its  complete 
removal. 

34 
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Fig.  326.— Fibroma  of  the  optic  nerve.  The  morbid  growtli  in  this  case  exteiuU^d  into  the  optic  fora- 
men, at  which  point  elilorid-of-zinc  i)aste  was  applied  after  removal  of  the  eyeball  and  growth  without 
exenteration.   Ten  years  later  there  had  been  no  recurrence. 

Treatment. — In  most  cases  treatment  sliould  consist  in  complete  removal 
of  the  growth  by  operations  conducted  on  general  surgical  principles.  Cer- 


Fk;.  327.— Lymphangioma  of  the  orbit. 


tain  growths  originating  in  some  vascular  disease  cannot  be  safely  extirpated. 
Benign  tumors  may  often  be  removed  without  sacrificing  the  eyeball,  but 
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those  of  a  distinctly  malignant  type  call  for  complete  exenteration  of  the 
orbit. 

I.  Tumors  Originating  in  the  Tissues  of  the  Orbit.— Of  these  the 
cijdic  formations^  siipply  a  large  contingent.  They  are  sebaceous,  serous, 
blood  and  dermoid  cysts,  echinococci  and  cysticerci.    Besides  these  there  are 


Fig.  328.— Lipoma  of  both  orbits,  stationary  for  many  years.    Patient  died  at  an  advanced  age;  orbital 

condition  unchianf^ed. 

simple  and  cavernous  angiomas,  lymphangiomas  (Fig.  327),  lipomas  (Fig. 
328),  enchondromas,  lymphomas,  and  a  variety  of  sarcomata  which  may  take 
their  origin  from  fibrous  or  connective  tissue  anywhere  within  the  orbital 
cavity  (Fig.  330). 

Carcinoma  as  a  primary  tumor  Ikis  been  met  with  in  connection  with  the 
lachrymal  gland.  Tumors  originating  in  the  lachrymal  gland  are,  however, 
mostly  of  the  adeno-sarcomatous  type  and  non-malignant. 

The  differential  (Jiagnoms  is  not  always  an  easy  matter,  but  can  generally 
be  achieved  by  a  careful  study  of  all  the  signs  and  symptoms. 

Treatment. — Cysts  with  fluid  contents  may  be  cured  by  simple  incision 
followed  by  astringent  or  irritant  injections. 

Dermoid  cysts  should  be  thoi-oughly  evacuated  and  the  lining  of  the 
cavitv  destroyed  with  strong  pigment  of  iodin  or  with  nitrate  of  silver : 
excision  of  deep-seated  cysts  should  never  be  nttempted,  since  the  cyst-walls 
can  readily  be  destroyed  by  either  of  the  drugs  just  named  without  damnging 
other  structures.  Many  of  the  solid  growths  can  be  shelled  out  without  much 
disturbance  of  the  surrounding  tissues. 

Electrolji^iii^  lias  been  found  efficient  in  treating  orbital  angiomas.  Some  of 
them  are  suflflr-iently  circumscribed  to  admit  of  removal  by  careful  dissection. 

II.  Tumors  which  Arise  from  the  Periosteum  or  Bony  Walls  of 
the  Orbit. — These  comprise  the  following  : 

(1)  Sarcomata  or  fibro-sarcomata  occasionally  spring  from  the  periosteum. 
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Fig.  82!).— Fibro-sarcoma  of  both  (irbits. 


Figure  329  represents  a  case  of  the  latter  occurring  in  a  boy  of  fourteen,  in 
whom  the  entire  periosteum  of  both  orbits  became  involved.    Some  months 


Fk;.  3:!0.— Sarcoma  of  the  orbit  oriarinatinii  in  tbe  tissues  of  the  apex. 


after  removal  of  these  growths  death  resulted  from  metastatic  formations 
elsewhei'e. 

(2)  Thickening  of  the  periosteum  of  an  inflammatorv  nature  sometimes 
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simulates  a  neoplasm,  especially  if  localized  and  associated  with  hyperos- 
tosis of  the  underlviii":  bone. 

(3)  E.co.sto.scH  are  a  somewhat  rare  form  of  orbital  tumor,  characterized  by 
slowness  of  growth,  extreme  hardness,  and  evident  continuity  with  the  adja- 
cent bone.  They  may  attain  so  large  a  size  as  to  occasion  great  deformity. 
Most  of  these  growths  spring  from  the  })eriosteum  at  or  near  the  orbital  mar- 
gin or  from  neighboring  cavities.  Thev  consist  of  an  outer  layer  of  ivory- 
lil  ce  hardness  and  an  inner  more  spongy  structure.  JSome  are  of  congenital 
origin,  others  may  be  traced  to  injury,  or  there  may  be  no  discoverable  cause. 

Treatment. — The  only  effective  operation  for  exostoses  is  ablation  by 
means  of  drill,  hammer,  and  chisel.  Tiiis  ojieration  is  likely  to  be  difficult 
and  dangerous  if  the  growth  involves  the  roof  of  the  orbit. 

III.  Tumors  which  Arise  in  the  Cavities  or  Tissues  close  to  the 
Orbit. — These  are — 

(1)  Eiicephdloccle  or  mcniiifjoeele  is  an  exceedingly  rare  form  of  tumor, 
containing  cerebro-spinal  fluid,  witli  or  without  a  hernial  protrusion  of  brain- 
substance.  It  is  of  congenital  origin,  the  result  of  defective  ossification  at 
some  part  of  the  orbital  wall,  by  preference  tlie  anterior  part  of  the  fronto- 
ethmoidal  suture,  and  appearing  as  a  smooth,  fluctuant,  sometimes  pulsating 
swelling,  not  adherent  to  the  skin,  and  existing  since  birth  at  the  upper 
inner  angle  of  the  orbit,  is  liable  to  be  mistaken  for  a  dermoid  cyst. 


Fig.  331.— Ethmoidal  mucocele. 


Unlike  the  latter,  it  is  not  amenable  to  any  form  of  operation  or  treatment. 
A  correct  diagnosis  is  therefore  of  paramount  importance  if  an  operation  is 
contemplated. 

(2)  NevL,  liipufi,  and  epithelioma,  originating  in  the  skin  of  the  eyelids  or 
face,  may  extend  into  the  orbit. 

(3)  Poli/poid  r/rowthst,  originating  in  the  nasal  cavities,  sarcomatous,  can- 
cerous, or  osteoid  growths  in  the  frontal,  splienoidal,  or  maxillary  sinuses, 
ethmoidal  macoeek  (Fig.  331),  or,  even  distention  of  these  cavities  by 
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fluid  secretion,  niav,  bv  invasion,  simulate  orbital  tumors.  An  exact 
diagnosis  may  be  ditticult  or  impossible.  The  character  of  the  proptosis, 
the  condition'  of  adjacent  i)arts,  and  a  careful  consideration  of  all  the  signs 
and  symptoms  present  will,  however,  usually  reveal  the  true  nature  of 
the  affection  (see  page  454 '). 

Pulsating  exophthalmos  is  a  form  of  orbital  tumor  which  results 
from  some  vascular  disease  within  the  orbital  cavity,  the  primary  lesion  being 
connuonly  situated  within  the  cranial  cavity  immediately  behind  the  orbit. 

SymiDtoms. — The  ordinary  signs  of  pulsating  exophthalmos  are — pro- 
trusion of  the  eveball  (occasionally  both),  and  pulsation,  which  may  some- 
times be  both  seen  and  felt.  The  stethoscope  reveals  a  distinct  6r?<?Y  when 
placed  upon  the  brow  or  closed  eyelid.  There  are  swelling  and  a  passive 
hyperemia  of  the  latter  and  of  the  sulxionjunctiva,  sometimes  presenting  an 
appearance  not  unlike  that  of  orbital  cellulitis.  The  retinal  veins  are  usually 
distended  and  tortuous,  and  there  may  be  retinal  hemorrhages,  optic  neuritis, 
and  more  or  less  impairment  of  vision.  The  protrusion,  fulness  of  the  ves- 
sels, and  pulsation  are  increased  by  stooping  the  head. 

The  subjective  symptoms  are  pulsating  tinnitus  or  noises  in  the  head,  and 
pain,  likewise  increasecl  by  stooping,  and  diminished  by  compression  of  the 
carotid  artery. 

This  assemblage  of  symptoms  is  nearly  always  due  to  the  formation  of 
aneurysmal  varix  in  the  cavernous  sinus,  the  internal  carotid  thus  directly 
pumping  blood  into  the  orbital  veins.  The  initial  lesion  is  in  most  cases 
caused  by  traumatism,  such  as  falls  or  severe  blows  upon  the  head  or  face  ; 
not  very  rarely,  however,  especially  in  women,  the  arterio-venous  communi- 
cation (rupture  of  the  carotid  in  the  sinus)  has  occurred  spontaneously. 

Some  other  lesions,  so  rare  as  to  constitute  pathological  curiosities,  have 
been  known  to  cause  pulsating  exophthalmos  :  they  are — aneurysm  of  the 
ophthalmic  artery  within  or  behind  the  orbit,  or  of  the  carotid  in  the  sinus, 
pulsating  angioma,  and  medullary  osteo-sarcoma  of  the  orbital  walls. 

Treatment. — Spontaneous  cure  is  possible :  so  long,  therefore,  as  there 
are  no  urgent  symptoms,  such  as  severe  pain,  attacks  of  epistaxis,  or  impair- 
ment of  vision,  with  extensive  or  increasing  intra-ocular  changes,  there  is  no 
necessity  for  active  interference.  Rest  in  bed,  full  doses  of  potassium  iodid, 
and  intermittent  but  frequent  compression  of  the  common  carotid  may  arrest 
the  disease  ;  but  in  the  presence  of  urgent  symptoms  ligation  of  the  common 
carotid  should  not  be  delayed.  The  results  of  this  operation  have  been  satis- 
factory in  a  large  percentage  of  cases  so  treated. 

Exophthalmic  Goiter  [Basedov\'i  Disease,  GraiWs  Disease,  Cardiac 
Exoj}/itha/iiios). — This  disease  comes  rather  more  appropriately  within  the 
domain  of  general  medicine,  since  the  ocular  symptoms  are  but  a  local  mani- 
festation of  a  more  serious  general  disturbance  or  form  of  debility,  which  is 
associated  not  only  with  exophthalmos,  but  also  Avith  enlargement  of  the 
thyroid  gland  and  increased  action  of  the  heart  (tachycardia).  Any  one  of 
this  trio  of  symptoms  may  be  in  abeyance  or  may  predominate  over  the 
other  two.  For  this  reason  there  is  a  lack  of  uniformity  in  the  signs  which 
indicate  the  presence  of  this  disease. 

Symptoms.— AVith  regard  to  the  ocular  symptoms,  the  exophthalmos, 
almost  always  bilateral,  is  much  greater  in  some  cases  than  in  others,  is  subject 
to  a  certain  amount  of  spontaneous  variability,  and  may,  in  the  early  stages 
at  least,  be  temporarily  diminished  by  pressure.    The  eyeballs  are' pushed 

^  For  a  detailed  description  of  this  class  of  tumors  the  reader  is  referred  to  an  article  by 
Chas.  S.  Bull  in  the  New  York  Medical  Journal  for  Dec.  19,  1891. 
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straight  forward ;  their  mobility  is  not  impaired.  In  extreme  cases  the  lids 
may  not  sufficiently  cover  them  to  secure  adequate  protection,  and  damage  to 
the  cornea  may  ensue. 

Vision  is  unimpaired,  and  iutra-ocular  changes  have  not  been  observed, 
except  occasionally  visible  pulsation  of  the  central  artery  of  the  retina,  and 
sometimes  the  retinal  arteries  appear  relatively  larger  than  they  should  be  as 
compared  with  the  veins. 

The  exophthalmos,  even  when  slight,  is  characterized  by  a  peculiar  staring 
appearance  of  the  eyes,  giving  the  patient  an  astonished  or  frightened  look. 
This  is  due  to  a  retraction  of  the  organic  levator  of  the  lid.  The  resulting 
widening  of  the  palpebral  Hssure  is  known  as  Dalri/mple\^  sign. 

On  looking  downward  the  upper  lids  do  not  perfectly  follow  the  move- 
ments of  the  eyeballs,  as  in  health  ;  consequently  the  sclera  above  the  corneal 
margin  becomes  visible  {c.  Gvaefe's  sign).  Tiiis  symptom  is  not  always 
present,  and  it  may  exist  without  exophthalmos  in  the  early  stage,  or  be 
persistent  after  the  latter  has  disappeared  if  a  cure  has  been  efiPected.  Di- 
minished or  imperfect  winking  movements  of  the  lids  are  often  noticeable 
{Stdlwag^s  sign).  These,  together  with  the  widened  palpebral  fissure,  may 
induce  a  tendency  to  desiccation  of  the  cornea,  and  probably  account  for 
the  sense  of  heat  and  discomfort  in  the  eyes  of  which  these  patients  often 
complain. 

The  enlargement  of  the  thyroid  body,  primarily  due  to  enlargement  of  its 
blood-vessels,  may  be  slight  or  very  considerable.  As  a  rule,  it  is  evenly 
distributed,  but  there  are  some  marked  exceptions  to  this  rule ;  in  these  the 
right  side  is  apt  to  be  the  larger.  The  enlarged  thyroid  feels  soft  and  elastic 
in  most,  but  not  in  all,  cases.  The  chief  point  of  distinction  between  exoph- 
thalmic and  otiier  forms  of  goiter  is  that  in  the  former  the  hand  detects  a 
whirring  sensation  and  strong  pulsatory  movement  with  each  cardiac  impulse. 
These  circulatory  phenomena  are  associated,  as  might  be  expected,  with  a  loud 
rasping  bruit. 

The  carotids  are  probably  distended  and  pulsate  strongly.  This  pulsa- 
tion is  visible,  as  well  as  audible,  along  the  course  of  these  arteries,  and  the 
patient  often  complains  of  a  beating  sensation  communicated  to  the  head. 
Signs  of  engorgement  of  the  large  cervical  veins  are  also  often  present.  Pul- 
satory phenomena  sometimes  also  exist  in  the  thorax  and  abdomen.  The 
action  of  the  heart  is  increased  both  in  frequency  and  intensity ;  the  pulse, 
never  less  than  100,  becomes  considerably  accelerated  by  the  slightest  exer- 
tion or  mental  excitement. 

Some  enlargement  of  the  heart,  especially  of  the  left  ventricle,  is  not 
uncommon,  and  variable  cardiac  murmurs  maybe  present;  but  if  recovery 
takes  place,  these  signs  disappcjir  :  they  are  therefore  assumed  to  be  of  a  func- 
tional character. 

Persons  suffering  from  Basedow's  disease  are  often  irritable  and  excitable; 
most  of  them  are  anemic,  some  chlorotic  ;  a  tendency  to  emaciation  even  M'hen 
the  appetite  and  digestion  are  unimpaired  has  often  been  observed. 

Etiolog-y. — This  disease  belongs  almost  exclusively  to  adult  life,  and  in 
women  rarely  dev^elops  after  the  menopause.  The  male  sex  is  comparatively 
exempt  from  it.  As  recognized  exciting  causes  may  be  mentioned  diseases 
of  the  genital  organs,  worry,  mental  excitement,  anxiety,  and  fright. 

Altliough  exophthalmic  goiter  has  been  known  to  come  on  suddenly,  this 
is  the  exception  ;  as  a  rule,  the  onset  is  gradual — first  palpitation,  later  en- 
largement of  the  thyroid,  still  later  exophthalmos  ;  often  months  or  years 
elapse  before  the  disease  is  fully  developed.    Innumerable  functional  nervous 
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disturbances,  often  of  an  hysterical  type,  come  and  go  during  the  course  of 
the  disease.  After  a  long"  period  of' sameness  a  gradual  improvement  may 
take  place,  ending  in  recovery,  or  there  may  be  indefinitely  repeated  periods 
of  improvement,  and  relapse' or  gradual  exhaustion,  with  intercurrent  com- 
plications, may  end  iu  death. 

Prognosis. — The  prognosis  is  said  to  be  least  favorable  when  the  disease 
attacks  elderly  persons  of  the  male  sex.  As  far  as  vision  is  concerned,  the 
source  of  danger  has  already  been  alluded  to.  An  excessive  exophthalmos, 
with  imperfect  closure  of  the' lids,  may  lead  to  keratitis  c  lagophthahno,  and  the 
resultant  corneal  opacity  or  ulceration  may  lead  to  partial  or  complete  blind- 
ness of  one  or  both  eyes  (see  also  page  317). 

In  the  absence  of  definite  and  constant  pathological  lesions  discoverable 
after  death,  we  are,  for  the  present,  constrained  to  class  exophthalmic  goiter 
as  a  functional  disease  which  seems  to  depend  upon  a  disturbance  of  inner- 
vation, especially  that  of  the  sympathetic.  The  present  tendency  is  to 
regard  certain  parts  of  the  central  nervous  system  (medulla  and  upper  ])art 
of  the  spinal  cord)  as  the  primary  seat  of  this  strange  disease. 

Treatment. — For  the  general  treatment  the  reader  will  find  this  part 
of  the  subject  elaborately  discussed  in  most  of  the  standard  works  on 
general  medicine  and  neurology.  The  ophthalmic  surgeon  may,  however, 
be  called  upon  to  deal  with  corneal  complications.  Undue  exposure  of  the 
cornea  may  be  obviated  by  an  o])eration  for  narrowing  the  palpebral  fissure 
(tarsorrhaphy,  see  page  547).  Slight  degrees  of  corneal  irritation  may  be 
relieved  by  tiie  use  of  a  carefully  adjusted  compressive  bandage  and  by 
soothing  applications,  such  as  vaselin,  or  nuicilaginous  collyria  containing  a 
small  quantity  of  sodium  biborate  or  boric  acid.  Refractive  error  should 
always  be  corrected. 

INJURIES  OF  THE  ORBIT. 

Injuries  may  be  limited  to  the  soft  parts  or  involve  the  bony  walls  as  well. 
The  danger  of  such  injuries  depends  upon  their  nature  and  extent.  It  is 
often  impossible  to  estimate  either  of  these  factors  exactly,  except  in  the 
light  of  subsequent  events. 

With  injury  of  the  soft  parts  there  may  be  more  or  less  damage  to  the 
lids  and  eyeball.  The  appearance  of  orbital  fat  in  the  wound  is  proof  posi- 
tive that  the  orbit  has  been  penetrated.  Extravasation  of  blood  with  ecchy- 
moses  of  the  conjunctiva  and  integument,  and  exophthalmos,  are  commonly 
present.  Paralysis  of  ocular  muscles  and  loss  of  vision  from  damage  to  the 
optic  nerve  are  significant.  Foreign  bodies  of  c()nsideral)le  size  remaining 
in  tiie  orbit  may  displace,  or  even  completely  luxate,  the  eyeball. 

Foreign  bodies  thrust  into  the  orbit  may  be  difficult  to' discover,  and 
when  aseptic  have  been  known  to  remain  for  an  indefinite  period  without 
creating  serious  reaction.  Small  foreign  bodies — c.  r/.  shot-grains — not  readily 
discoverable  by  ordinary  examination,  may  be  located  by  means  of  the  .r-rays 
(see  Appendix,  ])age  607).  Pointed  or  blunt  objects  withdrawn  after  pene- 
tration not  infrequently  have  pierced  the  cranial  cavity,  the  gravity  of  the 
lesion  only  being  discoverable  when  cerebral  complications  occur. 

Injuries  to  the  bones  of  the  orbital  margins  arc  a  common  result 
of  crushing  blows  upon  this  part.  The  diagnosis  is  not  difficult  if  the 
injured  bone  is  sufficiently  displaced  to  cause  distinct  unevenness  or  if  a 
portion  of  the  margin  is  detached.  Mere  sensitiveness  to  pressure  is  not 
diagnostic  of  fracture,  though  always  coincident  with  it.  The  marginal 
fracture  may  extend  as  a  fissure  to  any  part  of  the  orbit,  even  to  the  optic 
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foramen  ;  in  the  latter  case  blindness  may  result  from  laceration  of  the  optic 
nerve  or  hemorrhage  into  its  sheath,  or  fissure  of  the  orbital  walls  may 
occur  from  fractures  of  the  base  of  tiie  skull. 

Emphysema  of  the  lids  and  orbital  tissues  is  quite  common  even  Avhere 
the  violence  has  not  been  great,  antl  indicates  fissure  of  the  thin  walls 
between  the  nasal  or  ethmoidal  cavities  and  the  orbit :  a  suddenly  developed 
elastic  and  crepitant  swelling  is  quite  chai-acteristic  of  this.  Exo])hthalmos 
due  to  this  condition  can  be  reduced  by  pressure  with  the  finger.  If  due  to 
extravasation  of  blood,  as  it  often  is  in  orbital  fractures,  the  swelling  cannot 
be  reduced  in  this  way. 

Injuries  of  the  orbit  may  recover  perfectly  after  absorption  of  extravasated 
blood  or  air,  but  lesions  of  the  eyeball,  the  optic  or  the  third  nerve,  or  the 
ocular  muscles,  often  cause  permanent  impairment  of  function  ;  or  phlegmon 
of  the  orbit,  with  its  attendant  danger,  may  set  in ;  or  the  contents  of  the 
cranial  cavity  may  be  involved  directly  or  become  so  in  consequence  of  the 
extension  of  septic  inflammation  following  the  injury.  A  fatal  issue  is  then 
to  be  expected. 

Treatment. — In  recent  injuries  of  the  orbit,  if  there  be  an  open  wound 
it  must  be  carefully  and  thoroughly  cleansed  and  disinfected.  Exploration 
for  suspected  foreign  bodies  is  a  matter  which  can  only  be  left  to  the  judg- 
ment and  skill  of  the  surgeon.  Exploration  with  the  finger,  when  prac- 
ticable, is  always  to  be  preferred.  Small  and  probably  aseptic  foreign  bodies 
should  on  no  account  be  searched  for.  Suitable  provision  for  drainage  of 
the  wound  may  be  required,  and  an  antiseptic  dressing  is  to  be  applied. 
Should  suppuration  ensue,  tiie  treatment  will  be  that  of  orbital  cellulitis. 
Rest  in  bed  is  essential  if  the  injury  is  still  severe. 

Hemorrhage  into  the  orbit  when  at  all  abundant  causes  an  immediate 
exophthalmos,  later  ecchymoses  of  lids  and  conjunctiva ;  this  latter  may  be 
the  only  sign  of  atrophic  hemorrhages.  It  is  a  common  result  of  severe 
injuries  of  the  orbit,  often  occurs  with  fracture  of  the  skull  implicating  the 
orbital  roof,  occasionally  without  this  lesion. 

Spontaneous  orbital  hemorrhages  have  occasionally  been  seen  in  scorbutus, 
hemopliilia,  and  during  violent  paroxysms  of  coughing.  A  copious  bleed- 
ing into  Tenon's  capsule  is  an  accident,  fortunately  rare,  in  operation  for 
squint. 

Injury  of  the  Optic  Nerve. — Laceration  of  the  optic  nerve  may  occur, 
as  has  been  stated,  in  connection  with  fracture  of  the  bony  walls  of  the  orbit. 
But,  independently  of  such  an  association,  the  optic  nerve  may  be  injured  by 
a  sharp  stick,  as  in  a  case  reported  by  Xoyes,  by  a  knife-thrust,  or  by  a  bullet. 
Atrophy  of  the  nerve  and  blindness  are  the  results  of  such  accidents,  which 
are  not  frequent,  twenty-one  cases  having  been  collected  by  Aschman  in  1884. 
Laceration  of  the  nerve  and  the  central  retinal  blood-vessels  may  be  followed 
by  retinitis  jjroliferaus,  as  in  the  case  recorded  by  C.  Zimmermann. 

Dislocation  or  luxation  of  the  eyeball  exists  when  the  eyeball  has 
been  ])ushed  so  far  forward  that  the  lids  remain  contracted  behind  it. 

Traumatisms,  such  as  when  a  large  foreign  body  has  been  driven  into  the 
orbit  from  the  outside,  the  use  of  an  assailant's  thumbs  in  certain  brutal 
assaults — the  so-called  gouging — and  a  similar  self-mutilation  by  insane  per- 
sons, have  been  known  to  cause  this  condition,  which  would  probably  be  less 
rare  if  the  eyeball  did  not  usually  ru])ture  at  the  time  of  injury.  Traumatic 
dislocation  is  apt  to  cause  blindness  from  rujiture  or  laceration  of  the  oj^tic 
nerve. 

The  luxations  that  readily  occur  during  the  continuance  of  any  morbid 
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condition  attended  with  excessive  exophthalmos  arc  a  mere  complication  of  a 
more  serious  condition. 

Treatment.— TJie  eyeball  should  be  replaced  as  soon  as  possible.  ^  To 
effect  this  division  of  the  outer  canthus  may  be  necessary.  After  reposition 
a  compressive  bandage  may  be  required,  and  in  the  second  class  of  cases 
tarsorrhajtht/  {\yAgv  547)  m;iy  be  done  to  prevent  recurrence. 

Enophthalmos  [Idiopathic  ami  Traumatic).— A  condition  in  which 

the  appearance  of  the  eye  is  the  opposite  of  ex- 

Cl^^  oj)hthalm()s,  the  eyeball  being  retracted,  is  met 

with  under  various  circumstances,  as  in  wasting 
diseases  witli  extreme  emaciation  and  absorption 
P  of  orbital  fat ;  in  Asiatic  cholera  because  the 

rk         enormous  waste  of  fluids  causes  shrinkage  of 
>7         the  orbital  as  well  as  other  tissues ;  as  one  of 
^  the  symptoms  of  paralysis  of  the  cervical  sym- 

pathetic;  iu  neurotic  anesthesia  of  the  face,  as 
^fjtt/Hf^  W  lepra  antesthetica ;  and,  finally,  in  a  form 

^■^^Hf       jHk  distinctly  traiunatic  in  its  origin. 

^^^^^  .  j^>^  /^^^\  In  some  cases  immediately — in  others  \yeeks 

^^^Hk'^L'    /  or  months — after  traumatism,  such  as  a  blow 

^^^H        \  upon  the  upper  margin  of  the  orbit  \vithout 

^^^^■^  direct  injury  to  the  eye,  enophthalmos  ap})ears, 

and  may  be  due  to  paralysis  of  (Miiller's) 
retractor  of  the  lids — /.  e.  a  local  lesion  of  the 
sympathetic — or  to  trophic  disturbance  with 
atrophy  of  the  orbital  tissues.  It  has  also  been 
ascribed  to  fracture  with  depression  of  the  orbital  floor,  and  to  cicatricial 
contraction  of  the  orbital  tissues  following  certain  injuries  (Fig.  332). 


Fig.  332.— Traiinuitif  ciinphlhal- 
mos,  patient  looking  straight  for- 
ward; sunken  appearance,  resem- 
bling a  badly-titting  artilicial  eye, 
well  shown  (de  Sch  weiiiitz). 
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I.  PREPARATION  OF  THE  REGION  OF  OPERATION,  THE 
INSTRUMENTS,  AND  THE  DRESSINGS;  ANESTHESIA. 

By  G.  E.  de  iSCHWElNlTZ,  A.  M.,  M.  D., 

OK  PHILADELPHIA. 


All  the  principles  of  clean  surgery  and  the  main  practices  of  aseptic 
surgery  are  necessary  in  all  ophthalmic  operations. 

1.  Preparation  of  the  Hands  of  the  Operator. — Scrub  the  hands 
thoroughly  with  soap  and  warm  water ;  then  clean  the  spaces  beneath  and 
around  the  nails ;  soak  the  hands  in  95  per  cent,  alcohol  for  not  less  than  one 
minute  ;  on  removing  them  place  them  without  drying  in  a  solution  of  1  : 1000 
corrosive  snblimate,  and  allow  them  to  remain  tliere  for  at  least  one  minute. 

2.  General  Preparation  of  the  Patient. — Necessarily,  each  patient 
preceding  an  operation  should  be  placed  in  tlie  best  possible  physical  and 
mental  condition.  Usually  a  laxative  is  advisable.  The  author  is  accustomed 
to  give  calomel  on  the  night  preceding  the  operation  and  a  saline  in  the 
morning. 

The  nares  of  patients  requiring  corneal  section  should  be  sprayed  either 
with  a  mixture  of  listerin  and  Dobell's  solution  or  with  equal  parts  of 
water  and  the  peroxid  of  hydrogen,  wliich  Hushes  out  the  passages  and 
probably,  largely  by  mechanical  effect,  gets  rid  of  infectious  material. 
Independently  of  the  fact  that  chronic  bronchitis  by  virtue  of  the  cough 
'  which  it  produces  is  a  complicating  circumstance,  it  is  perfectly  possible 
that  pathogenic  germs  may  migrate  from  the  lower  res])iratory  tract  and 
destroy  the  effects  of  an  operation.  Under  these  circumstances  it  has  been 
advised  to  administer  capsules  of  oil  of  eucalyptus,  which  is  a  good  stimu- 
lating expectorant  and  plays  the  part  of  a  mild  antiseptic.  It  is  almost 
needless  to  point  out  the  necessity  of  ridding  the  patient  of  any  inflam- 
mation of  the  conjunctiva,  margins  of  the  lids,  or  lachrymal  passages  pre- 
ceding operative  interference  on  the  ocular  tissues.  If  there  is  dacryocys- 
titis, the  usual  treatment  of  tliis  affection  is  indicated  (page  268).  Haab  has 
recommended  sealing  the  lachrymal  puncta  with  a  galvano-cautery  needle. 
The  inner  corner  of  the  eye  may  be  covered  with  sterile  iodoform  powder  to 
prevent  access  of  infected  fluid  from  the  lachrymal  passages  to  a  corneal 
incision. 

3.  Preparation  of  the  Skin  of  the  Region  of  Operation. — The 

skin  should  be  treated  first  with  soap  and  water,  then  witli  alcohol,  and  finally 
witii  corrosive  sublimate,  1  :  2000.  These  irritating  substances  must  not  enter 
the  conjunctival  sac,  but  the  face,  surface  of  the  closed  lids,  eyebrows,  brow, 
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and  scalp  slioiikl  be  thus  prepared.  The  ciliary  margins  should  be  cleansed 
Avith  soap  and  water  followed  bv  bichlorid  of  niercurv,  1  :  5000.  The  parts 
should  be  ke[)t  coveretl  with  a  compress  of  lint  soaked  in  a  bichlorid  solution, 
1  :  5000,  which  should  remain  in  place  for  at  least  one  hour  before  the  operation 
begins/ 

4.  Preparation  of  the  Conjunctival  Cul-de-sac  and  the  Ciliary 
Margin.— The  method  to  be  emi)loyed  deju'iuis  upon  the  nature  of  the 
operation.  Jn  emicleation,  for  example,  the  ordinary  rules  of  antiseptic  sur- 
gery are  app  licable,  and  the  same  is  true,  for  instani-e,  in  an  advancement, 
save  only  tiiat  the  strength  of  the  bichlorid  solution  commonly  employed  by 
general  surgeons  must  be  decreased.  A  solution  of  a  grain  to  the  pint  is 
quite  sufhcient.  Numerous  investigations  have  demonstrated  that  it  is  impos- 
sible to  sterilize  the  conjunctival  sac.  Therefore  the  object  is  to  reduce  the 
vitality  of  the  microbes  that  cannot  be  washed  away,  and  the  mechanical  effect 
of  the  fluid  used  is  quite  as  potent  as  any  germicidal  value  which  it  may 
exercise.  Strong  germicidal  solutions  are  likely  to  be  deleterious  to  the  deli- 
cate epithelium  of  the  corneal  tissue.  For  irrigating  purposes  the  surgeon 
mav  emjilov,  provided  the  fluid  reaches  all  portions  of  the  conjunctival  cul- 
de-sac  and  thoroughly  scours  out  the  folds  of  the  conjunctiva,  boric  acid,  4 
per  cent.,  or  physiological  salt  solution,  which  may  be  prepared  by  adding  a 
heaping  teasjwonful  of  salt  to  a  pint  of  sterilized  water,  bichlorid  of  mer- 
cury, 1  : 1 0,000,  or  any  of  the  other  antiseptics  mentioned  in  the  footnote. 
The  author  prefers  either  the  physiological  salt  solution  or  the  solution  of 
boric  acid.  As  a  final  precaution  the  lids  should  be  turned  and  gently 
mopped  with  a  pledget  of  cotton  soaked  in  the  antiseptic  solution,  especial 
care  being  particularly  taken  to  cleanse  the  region  of  the  inner  canthus. 

The  experiments  of  Bernheim,  Stroschein,  and  many  others  have  demon- 
strated the  impossibility  of  completely  sterilizing  the  ciliary  margin  ;  hence 
careful  cleansing  with  soap  and  water,  followed  by  the  salt  solution  or  one 
of  the  antiseptics  mentioned,  accomplishes  the  only  practical  result — namely, 
diminution  of  the  vitality  and  number  of  the  cocci.  All  of  these  prepara- 
tions should  be  made  immediately  preceding  the  operation  (see  also  page  575). 

5.  Preparation  of  the  Instruments. — All  coarse  instruments,  such 
as  hooks,  scissors,  etc.,  should  be  cleansed  first  with  soap  and  water,  then 
boiled,  and  finally  placed  in  an  antiseptic  bath,  where  they  remain  until 
required,  and  they  should  be  covered  with  this  fluid  for  not  less  than  twenty 
minutes  before  the  operation.  The  antiseptic  bath  may  be  carbolic  acid, 
1  :  20,  or  absolute  alcohol,  preferably  the  latter.  Immediately  preceding  the 
operation  the  instruments  may  be  removed  from  the  antiseptic  bath  and 
placed  in  a  dish  of  sterile  Mater.  Sharp  instruments — cataract-knives,  kera- 
tomos,  cystotomes,  etc. — must  be  cleansed  with  great  caution,  lest  damage 
be  done  to  their  edges.  First,  the  edge  of  the  instrument  is  inspected  with 
a  magnifving-glass  ;  then  the  instrument,  wrapped  in  cotton,  is  put  in  the 
boiling  water,  and  from  this  transferred  to  a  dish  containing  absolute  alcohol. 
When  the  operator  is  ready  the  knife  is  removed  from  this  fluid  and  the 
blade  freed  from  alcohol  by  dip})ing  it  momentarily  in  a  vessel  containing 
boiling  water.  Stroschein  and  others  believe  that  antisepsis  is  secured  if 
the  blade  is  rubbed  with  cotton  wool  soaked  in  a  mixture  of  equal  parts 

1  In  place  of  sublimate  solution  the  followinjj  antiseptics  have  been  recommended,  espe- 
cially in  ophthalmic  work:  aqua  chlorinata;  trichlorid  of  iodin,  1  :  2000 ;  cyannret  of  mer- 
cury, 1  :  1500  ;  oxycyanid  of  mercury,  1  :  1000  ;  and  especially  formaldehyd,  1  :  2000.  Of  this 
list  the  cyannret  of  mercury  and  formaldehyd  have  most  to  commend  them,  the  latter  substance 
being  a  most  efficient  ocular  antiseptic,  and  the  author  has  been  most  favorably  impressed  with 
its  value. 


541 


of  absolute  alcohol  and  etlier,  to  which  a  few  drops  of  ammoniac  have  been 
added.  Subsequently  tlie  knife  may  be  washed  in  a  5  per  cent,  solution 
of  carbolic  acid.  Instead  of  placing  tlie  instruments  in  absolute  alcohol 
or  carbolic  acid,  it  is  the  practice  of  some  surgeons  to  put  them  in  a  physi- 
ological salt  solution  or  in  sterile  water  ;^  or  they  may  be  used  directly  after 
removal  from  the  boiling  water.  Perfect  sterilization  of  non-cutting  instru- 
ments made  of  platinum  may  be  secured  by  bringing  them  to  a  white  heat 
in  the  flame  of  a  lamp  just  before  the  operation  (Gruening). 

Dr.  E.  A.  de  Schweinitz  recommends  sterilization  of  instruments  with  the 
vapor  of  formaldehyd.  The  practical  value  of  formaldehyd  in  the  disinfec- 
tion of  small  instruments  has  also  been  demonstrated  by  H.  O.  Ueik  and 
W.  J.  Watson,"  who  have  designed  a  special  sterilizing  apj)aratus. 

6.  Dressings. — These  nuist  be  modified  according  to  circumstances. 
In  ])lastic  operations  about  the  lids  the  ordinary  antiseptic  dressing  is  usually 
applied — protective  and  antiseptic  gauze  covered  by  a  wet  or  dry  bichlorid 
roller.  Iodoform  is  also  used  under  these  circumstances,  although  some 
surgeons — for  example,  Noyes — do  not  consider  it  an  advantage.  Dressings 
impregnated  with  antisei)tic  substances  bought  ready  made  from  the  various 
shops  are  not  satisfactory.  Sterilization  with  steam  is  the  proper  method. 
If  a  wet  dressino;  is  desired,  the  fabric  mav  be  soaked  in  one  of  the  anti- 
septic  fluids,  usually  bichlorid,  1  :  5000,  or  in  a  physiological  salt  solution 
which  has  been  sterilized  by  boiling.  Bits  of  gauze  prepared  by  sterilization 
with  steam  are  much  more  desirable  than  cotton  for  removing  blood,  etc. 
from  the  area  of  operation.  If  tiie  lighter  forms  of  cataract  dressing  are 
employed,  such  as  isinglass  plaster  or  small  wads  of  cotton  held  in  place  by 
strips  of  surgeon's  isinglass  plaster,  these  should  be  properly  disinfected 
before  application. 

When  the  eye  is  bandaged,  either  the  single  (Fig.  333)  or  the  double 


Fig.  333.— Figure-of-cight  of  one  eye.  Fu;.  .33-1.— Figure-of-eight  of  both  eyes. 


bandage  (Fig.  334)  is  employed,  or  a  modification  of  Liebreich's  bandage 
(Fig.  335).  In  most  cases  a  dry,  absorbent  material — for  example,  gauze 
sterilized  by  heat,  is  most  useful,  although  there  is  no  objection  to  a  flannel 

^  For  a  valuable  paper  entitled  "Absolute  Alcoliol  as  a  Disinfectant  for  Instruments,"  by 
Robert  L.  Kandolph,  consult  Transactions  of  the  American  Ophthalmologicat  Society,  vol.  vii.  part 
3,  p.  631. 

^  Johns  Hopkins  Hospital  Bulletin,  No.  81,  Dec,  1897. 
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roller,  if  it  is  desired,  when  this  is  placed  over  a  properly  a])})lied  antiseptic 
pad.  'rhe  dressintrs  ai)plieal)le  to  the  different  operations  vary  according  to 
the  desire  of  the  surgeon.  Cataract  dressing  is  described  on  page  681.  In 
addition  to  the  dressing  recommended  there,  Ring's  ocular  mask  (Fig.  336), 
which  covers  the  bandage,  and  which  may  be  understood  by  a  reference  to 
the  figure,  is  of  great  advantage. 

Sutures. — These  may  be  of  catgut  or  silk.  The  latter  is  usually  black, 
ordinarily  known  as  iron-dyed,  although  for  delicate  sutures  in  the  conjunctiva 


Fig.  335.— Modified  Liebreich's  bandage.  Fig.  336.— Ring's  ocular  mask. 


the  white  silk — such,  for  example,  as  comes  in  Stevens's  tenotomy  case — is 
of  great  advantage.  These  sutures  should  be  soaked  in  an  antiseptic  bath 
preparatory  to  their  use. 

Catgut  specially  prepared  by  the  instrument-maker  may  be  purchased, 
but  it  is  better  for  the  surgeon  to  prepare  this  for  himself.  The  author  is 
accustomed  to  use  a  delicate  sulpho-chromic  surgical  gut,  which  is  kept  in 
a  solution  of  bichlorid  of  mercury  in  alcohol,  1  :  1000.  If  sponges  are 
used  in  plastic  ojierations  or  in  enucleations,  they  should  be  properly  disin- 
fected by  the  ordinary  processes.  Generally,  the  area  of  operation  may  be 
kept  clean  by  gently  touching  it  with  cotton  soaked  in  bichlorid  solution,  or 
by  gauze  wdiich  has  been  sterilized  by  heat. 

General  Anesthesia. — The  indications  for  general  anesthesia  in  oph- 
thalmic surgery  are  limited.  In  children  or  in  very  nervous  adults,  and  for 
enucleations,  blepharoplastic  operations,  occasionally  in  advan(^enients,  and 
usually  in  cases  of  glaucoma,  general  anesthesia  is  necessary.  The  surgeon 
must  decide  between  ether  and  chloroform.  The  author  prefers  the  former, 
believing  it  safer  than  chloroform  or  the  A.  C.  E.  mixture.  Bromid  of  ethyl 
has  been  reconunended  and  much  employed,  but  the  author  has  not  been 
favorably  inijiressed  with  its  value. 

lyOCal  Anesthesia. — When  local  anesthesia  is  required,  usually  In/dro- 
chlorate  of  cocain  is  employed  in  2  or  4  ])er  cent,  solution  (some  surgeons  use 
a  10  per  cent,  solution).  Various  fungi  grow  readily  in  solutions  of  this 
alkaloid,  and,  indeed,  in  solutions  of  any  of  the  alkaloids  commonly  used  in 
ophthalmic  practice.  A  number  of  methods  of  sterilizatif)n  are  employed — 
namely,  sterilization  by  heat,  by  the  addition  of  an  antiseptic  (1  :  5000  solu- 
tion of  bichlorid  of  mercury,  4  per  cent,  of  boric  acid,  formaldehyd,  as 


LOCAL  ANESTHESIA. 


543 


recommended  by  Valude,  or  trikresol,  1  : 1000,  as  recommended  by  E.  A.  de 
Scliweinitz  of  Washington),  or  by  a  combination  of  these  two  methods.  The 
most  satisfactory  procednrc  is  to  boil  the  solution.  A  number  of  convenient 
flasks  for  this  purpose  are  in  the  market,  amono;  the  best  being  those  intro- 
duced by  Stroschein  of  Wurzburg  (Fig.  337),  and  the  one  devised  by  Llewel- 


FiG.  337.— Stroschein's  flasks.  FiG.  338.— Flask  for  sterilizing  collyria. 

lyn  of  Philadelphia  (Fig.  338).  The  Stroschein  flask  may  be  understood  by 
a  reference  to  tiie  figure.  The  solution  is  placed  in  the  Llewellyn  flask  and 
boiled.  After  the  liquid  is  cool  and  ready  for  use  the  warmth  of  the  hand 
causes  the  fluid  to  drop  from  the  end  of  the  pipette.  If  it  is  desired  to  pre- 
serve the  solution  after  boiling,  a  portion  of  one  of  the  antiseptic  substances 
previously  mentioned  may  be  added. 

In  order  to  avoid  the  drying  and  roughening  of  the  corneal  epithelium 
caused  by  cocain  the  lids  should  be  kept  closed  after  each  instillation.  The 
drug  should  not  be  used  too  freely  or  it  may,  according  to  Mellinger,  prevent 
closure  of  tiie  corneal  wound.  Three  instillations  of  a  4  per  cent,  solution, 
five  minutes  apart,  are  sufficient  for  a  corneal  section.  Gelatin  disks  impreg- 
nated with  cocain,  as  recommended  by  some  surgeons,  have  no  advantage 
over  the  solution,  and  general  anesthesia  is  preferable  to  strong  solutions  of 
cocain,  which  have  been  recommended  in  the  operation  of  curetting  lupus 
and  similar  growths. 

In  addition  to  cocain,  a  number  of  other  substances  (for  exam])lc,  tropa- 
cocain)  have  from  time  to  time  been  reconmiended  as  local  ocular  anes- 
thetics, but  without  establishing  claims  to  special  favor.  Three  may  be 
briefly  described  : 

(1)  Ht/drochlorafe  of  eucain  "yl,"  like  cocain,  is  a  local  anesthetic,  and 
may  be  employed  in  2  per  cent,  solution.  Its  ajiplication  is  followed  by 
very  considerable  smarting  and  conjunctival  congestion.  It  has  little  or  no 
effect  upon  the  pupil,  and  is  said  not  to  cause  drying  of  the  corneal  epithelium. 
The  anesthesia  begins  in  a  few  minutes  and  lasts  from  ten  to  fifteen  minutes. 
The  author  has  been  unable  to  see  in  what  way  it  possesses  any  advantages 
over  cocain. 

(2)  Hi/drochlorafe  of  cucam  "  B  "  is  related  to  eucain  "  A,"  and  also  to 
cocain  and  tropacocain.  It  is  not  decomposed  by  boiling,  and  is  less  irritating 
than  the  older  eucain,  according  to  Silex.  A  2  per  cent,  solution  causes  local 
anesthesia  in  from  one  to  three  minutes,  which  lasts  about  fifteen  minutes. 
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It  does  not  dilate  the  pupil,  apparently  does  not  decrease  intra-ocular  tension 
nor  cause  clouding  of  the  corneal  epithelium. 

Holoccvin  {p-didtho.vi/dthenyl  diphenylamid'm),  introduced  into  ophthal- 
mic therapeutics  by  Hirschberg  and  Gutmann,  and  originally  known  as 
"  ainidin,"  is  an  active  local  anesthetic  closely  allied  in  its  general  properties 
to  i)lienacetin.  A  1  per  cent,  solution  causes  anet-thesia  in  from  fifteen  seconds 
to  one  minute,  Avhich  lasts  for  ten  minutes,  ])rece(led  by  a  modei'ate  burning 
sensation.  Hasket  Derbv  considers  it  advantageous  because  it  does  not 
enlarge  the  pupil,  does  not  affect  the  accommodation,  does  not  increase  intra- 
ocular tension,  and  is  itself  bactericidal.  Holocain  is  highly  recommended 
by  H.  V.  Wiirdemann. 

Infiltration-anesthesia. — In  lid-operations  cocain  solution,  2-4  per 
cent.,  is  sometimes  injected  beneath  the  skin,  but  a  more  efficacious  and  safer 
procedure  is  the  so-called  infiltration-anesthesia  introduced  by.  C.  L.  Schleich.^ 
This  consists  of  an  intracutaneous  (not  subcutaneous)  injection,  with  a  hypo- 
dermic syringe  or  with  one  specially  devised  for  the  purj^ose,  of  a  per  cent, 
solution  of  sodium  chlorid,  which  is  reinforced  by  the  addition  of  from 
to  Jjj-  per  cent,  of  cocain.  The  fluid  injected  produces  edema,  and  the  anes- 
thesia is  strictly  limited  to  the  edematous  area. 

Eucain  has  been  much  employed  hypodermically,  and  also  by  the  infiltra- 
tion method.  The  general  toxic  effects  which  sometimes  follow  hypodermics 
of  cocain  do  not  appear  with  eucain,  but  sloughing  of  the  tissues  has  been 
reported. 


OPERATIONS  UPON  THE  EYELIDS. 

By  F.  C.  HOTZ,  M.  D., 
of  chicago. 

The  operations  upon  the  eyelids  may  be  divided  into  two  groups.  The 
first  group  embraces  a  number  of  surgical  procedures  which  every  practitioner 
having  a  general  training  in  surgery  may  easily  employ.  The  second  group 
embraces  those  operations  requiring  a  degree  of  dexterity  and  judgment  which 
can  be  acquired  only  by  special  training. 

MINOR  OPERATIONS. 

1.  The  Removal  of  Hyelashes. — The  simplest  procedure  for  remov- 
ing eyelashes  is  (a)  epilation  by  means  of  a  cilium-forcepts. 

With  the  fingers  of  tlie  left  hand  a  gentle  steady  pressure  is  made  upon  the  lid,  and 
with  the  forceps,  held  in  the  right  hand,  the  eyelash  is  seized  as  near  as  possible  to  the 
skin  and  drawn  out  with  a  steady  traction.  .Jerking  must  be  avoided,  lest  the  hair-shaffc 
break  off;  also  not  more  than  one  eyelash  must  be  grasped  at  one  time,  because  extrac- 
tion of  several  eyelashes  together  is  very  painful. 

Eyelashes  so  removed  usually  grow  again  ;  epilation,  therefore,  is  the 
proper  procedure  only  where  a  temporary  removal  of  cilia  is  indicated.  If  a 
permanent  removal  is  desired,  we  must  have  recourse  to  electrolysis  or  the 
scalping  operation. 

*  For  a  full  consideration  of  this  method  of  inducing  local  anesthesia,  together  with  the 
various  formulae  suitable  for  injection,  the  reader  is  referred  to  a  lecture  bv  Schleich.  published 
in  the  7ft<e?-na<w?ia^  C/mics,  1895,  vol.  ii.  5th  series. 
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ib)  Electrolytic  removal  of  cilia  requires  a  oiild  galvanic  current  and 
an  electrolytic  needle  set  in  a  convenient  liaudle. 

The  eyelid  being  well  steadied  in  the  manner  described  above,  the  point  of  the 
needle  connected  with  the  negative  pole  of  the  battery  is  inserted  along  the  shaft  of  the 
eyelash  until  it  reaches  the  root,  about  3  nun.  under  the  surface.  The  other  electrode, 
represented  by  a  moist  sponge,  is  placed  upon  the  temple  or  the  hand  of  the  patient; 
this  closes  the  circuit,  and  at  once  a  whitish  froth  makes  its  ap})earance  around  the 
needle.  After  a  few  seconds  the  needle  is  withdrawn,  the  eyelash  seized  with  forceps, 
and  extracted.  If  it  otters  the  slightest  resistance,  the  electrolytic  needle  should  be  re- 
inserted, for  only  if  the  eyelash  is  perfectly  loose  are  we  sure  of  the  complete  destruction 
of  its  root. 

This  procedure  is  quite  painful ;  hence  if  a  great  number  of  cilia  are  to  be 
removed,  it  is  advisable  to  treat  three  or  four  eyelashes  only  at  one  sitting 
and  to  repeat  the  operation  at  intervals  of  a  few  days.  As  the  operation  pro- 
duces no  scars,  it  does  not  disfigure  the  lid.  In  this  respect  it  is  far  preferable 
to  the  extirpation  of  the  cilia  by  the  scalping  operation. 

{(i)  Scalping"  consists  in  the  excision  of  the  whole  ciliary  border.  The 
instruments  required  for  tliis  operation  are  a  fine  scalpel,  forceps,  small  curved 
needles,  a  needle-holder,  fine  silk,  and  a  lid-plate  made  usually  of  shell  or 
hard  rubber. 

The  surgeon,  putting  the  thumb  of  his  left  hand  upon  the  lid  supported  by  a  plate, 
makes  a  slight  pressure  upon  it  to  turn  the  lid-border  into  full  view.  With  the  scalpel 
in  his  right  hand  he  then  makes  an  incision  all  along  the  lid-border  just  behind  the  eye- 
lashes (Fig.  339),  and  deepens  this  incision  by  repeated  strokes  pf  the  scalpel  until  the 
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Fig.  339.— Making  the  intermarginal  incision. 


bulbs  of  the  cilia  are  exposed  as  small  black  dots  in  the  anterior  margin  of  the  wound. 
This  incision  is  known  as  the  intermarginal  inciMon.  Its  correct  execution  requires  a 
steady  hand  and  watchful  eye,  for  it  is  essential  that  no  hair-bulbs  shall  remain  behind 
in  the  posterior  margin  of  the  incision. 

The  next  step  consists  of  a  transverse  incision  through  the  skin,  made  just  behind 
the  eyelashes ;  at  both  ends  this  incision  is  continued  into  the  intermarginal  incision, 
the  two  incisions  thus  including  a  long  and  narrow  strip  containing  all  eyelashes.  This 

35 


546  OPERATIONS  UPON  THE  EYELIDS. 

strip  is  seized  with  fine  forceps,  and  dissected  up  hy  deepening  the  cutaneou.s  wound 
until  it  meets  the  intermarginal  incision  behind  the  hair-bulbs.  After  a  careful  inspec- 
tion has  convinced  the  operator  that  no  hair-bulbs  are  left  behind,  the  wound  is 
thoroughly  cleansed  and  closed  by  line  silk  sutures,  which  are  removed  after  three 
days. 

In  former  years  i^ealj)!!!^  Avas  frequently  performed,  but  since  tlie  intro- 
duction of  electrolysis  and  improved  modern  operations  for  entropion  it  is 
.seldom  required,  and  fortunately  for  the  ])atients,  as  it  produces  a  very 
hideous  and  permanent  dislig:urement  of  tlie  eyelid. 

Abscesses  of  the  lid  are  opened  by  a  tnot-svcfse  incision  through  the  skin 
and  treated  according  to  the  general  principles  of  surgery. 

Hurdcolaiii  (or  stye)  is  opened  by  a  small  incision  and  its  contents  are 
expelled  by  gentle  pressure. 

2.  Removal  of  a  chalazion  (tarsal  tumor,  Meibomian  c}'st)  can,  in 
the  majority  of  cases,  be  performed  by  an  incision  through  the  conjunctiva ; 
but  if  it  is  very  large,  causing  a  decided  protuberance  of  the  skin,  it  is  more 


Fig.  340.— Knapp's  lid-clamp. 

convenient  to  attack  the  tumor  through  the  external  integument.  In  either 
case  the  use  of  the  lid-clamp  ( V\g.  340)  is  very  advantageous,  as  it  makes 
the  operation  practically  bloodless. 

If  the  surgeon  decides  to  remove  the  chalazion  by  incision  through  the  skin,  the  lid 
is  secured  in  a  clamp  and  the  tumor  is  exposed  by  a  transverse  incision  through  skin 
and  muscular  layer,  and  is  cut  open  from  within  outward  by  tran.sfixing  its  base  with 
the  narrow  blade  of  a  small  scalpel.  The  contents  of  the  cyst  are  removed,  and  each 
half  of  its  wall  is  successively  seized  by  a  fine  forceps  and  excised  by  small  curved 
scissors.  Upon  the  removal  of  the  lid-clamp  there  is  a  free  oozing  of  blood,  which, 
however,  is  easily  checked  by  )>ressing  a  compress  gently  upon  the  lid;  next  the  lid  is 
cleansed  and  the  wound  covered  with  iodoform;  a  bandage  is  not  necessary.  As  these 
transverse  incisions,  following  the  natural  creases  of  the  lid-skin,  have  no  tendency  to 
gape,  it  is  not  strictly  necessary  to  use  sutures;  but  if  the  wound  is  very  large,  it  is  per- 
fectly proper  to  close  it  by  one  or  two  sutures. 

if  the  chalazion  is  to  be  removed  by  an  incision  through  the  conjunctiva,  the  posi- 
tion of  the  lid-clamp  is  reversed,  its  plate  being  put 
upon  the  outer  side  and  its  ring  upon  the  conjunc- 
tival side  of  the  lid  (Fig.  341). 

Tf  the  chalazion  is  very  small,  the  clamp  may  be 
omitted,  and  the  ojieration  still  be  made  almost 
bloodless  if  the  lid  is  everted  and  firmly  pressed 
against  the  handle  of  a  scalpel  or  the  nail  of  an 
assistant's  finger. 

The  clamp  being  screwed  down  the  lid  is  everted  ; 
the  cyst,  marked  by  a  dark  red,  })rominent  patch  in 
the  conjunctiva,  is  opened  by  an  incision  ;  a  small 
curet  is  introduced  and  the  contents  are  scraped 
out.  Overhanging  edges  of  the  cartilage  may  be 
trimmed  off  without  fear  of  producing  a  contraction 
and  malformation  of  the  tarsus.  The  cartilaginous  walls  of  the  chalazion  oft.en  contain 
small  pockets  filled  by  the  same  granulation-tissue;  these  side-pockets  should  always  bo 


Fig.  341.— Incision  of  chalazion. 
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searched  for  and  thoroughly  scraped  out,  for  if  overh)oked  they  form  the  nucleus  of  a 
new  tumor,  and  often  account  for  the  recurrence  of  the  chalazion  at  the  site  of  the 
operation. 

When  the  clamj)  is  removed  the  cyst-cavity  fills  with  hlood,  producing  more  or  less 
tumefaction  of  the  lid;  but  in  a  few  days  the  blood  is  absorbed  and  the  lid-swelling  is 
gone.  No  special  dressing  is  needed,  except  perhaps  the  application  of  a  warm  wet 
compress  for  a  few  hours  to  allay  pain. 

Dr.  Agnew's  method  of  removing  the  contents  of  the  chalazion  through  an  inter- 
marginal  incision  ha:;  no  material  advantage  over  the  other  methods. 

To  remove  chalky  deposits  in  the  Meibomian  glands,  the  lid  is  everted 
and  the  conjunctiva  over  the  white  deposit  is  punctured,  and  the  chalky  grain 
picked  up  on  the  point  of  a  Graefe  cataract-knife. 

Poh/poid  grcoiulations  on  tlie  conjunctiva,  warty  excrescences  at  the  lid- 
border,  and  similar  growths  are  excised  with  curved  scissors  ;  if  necessary, 
the  small  wound  is  touched  with  liquid  chromic  acid  at  the  end  of  a  probe, 

3.  Operations  for  Making  a  New  Canthus;  Canthoplastic 
Operations. — The  object  of  these  operations  is  either  to  reduce  or  to 
increase  the  transverse  diameter  of  the  palpebral  aperture. 

(a)  The  Operation  for  Shortening-  the  Palpebral  Fissure  (T((rso7'7'hapht/ 
or  Blepharorrhaphi/). — This  accomplishes  its  object  by  uniting  the  oj^posing 
Hd-borders  for  a  short  (listance  at  the  outer  or  inner  canthus  (external  or 
internal  tarsorrhaphy).  The  operation,  as  applied  to  the  outer  canthus,  is 
performed  as  follows : 

The  surgeon  seizes  the  border  of  the  lower  lid  with  a  forceps  near  the  outer  canthus, 
and  transfixes  it  with  a  narrow  scali)el  2  mm. 
below  the  eyelashes  in  such  a  manner  that  the 
back  of  the  blade  is  turned  toward  the  canthus 
and  its  point  emerges  from  the  intermarginal 
surface  of  the  lid-border  just  in  front  of  the 
orifices  of  the  Meibomian  glands;  pushing 
the  blade  along  the  lid-border  by  a  steady 
sawing  movement,  the  operator  cuts  from  it 
a  narrow  strip,  from  4-6  mm.  in  length,  which 
must  contain  all  the  eyelashes.  In  the  same 
way  a  similar  flap  is  removed  from  the  oppo- 
site border  of  the  upper  lid ;  the  two  opposing 
denuded  surfaces  (Fig.  342)  are  carefully  united  Fig.  342.— External  tarsorrhaphy, 

by  two  or  three  fine  silk  sutures,  and  the  lids  are 

kept  immobilized  by  a  bandage  for  two  or  three  days,  when  the  sutures  are  removed. 

Internal  Tarsorrhaphy. — In  a  case  of  ])aralysis  of  the  orbicularis  muscle, 
causing  eversion  of  the  lower  tear-point,  Dr.  Arlt'  has  relieved  the  trouble- 
some epiphora  by  a  tarsorrha})hy  at  the  inner  canthus.  From  the  tear-points 
toward  the  inner  canthus  a  narrow  strip  of  cutis  was  pared  off  and  the 
wounds  were  united  by  two  sutures. 

Dr.  H.  D.  Noyes  ^  o])eratcd  for  the  same  purpose  in  the  following  man- 
ner: "  I  dissected  uj)  a  ])arallelogram  of  skin  above  and  below  the  canaliculi 
for  a  sy)ace  which  readied  from  the  commissure  to  3  mm.  beyond  the  puncta. 
I  turned  the  raw  surfaces  of  the  little  flajis,  raised  from  the  respective  lids, 
against  each  other  and  stitched  through  them.  The  puncta  were  thus  turned 
inward  and  out  of  siglit." 

(b)  The  operation  for  enlarging-  the  palpebral  fissure  (ca lithotomy  or 
blepharoto7ny)  is  performed  at  the  external  canthus  only. 

If  the  enlargement  of  the  fissure  is  required  only  temporarily  for  reliev- 
ing the  eyeball  of  the  pressure  of  excessive  lid-swelling  in  acute  blennorrhea^ 

^  Graefe  and  Saeniisch  :  Handbook,  vol.  iii.  p.  446. 
2  Text-book  of  Ophthalmology,  1894,  p.  284. 
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or  for  the  removal  of  an  enlarged  globe  or  a  retrobulbar  tumor,  the  operation 
consists  simply  in  a  horizontal  incision  through  the  commissure,  the  wound 
being  allowed  to  close  up  again  {temporary  canthotomy). 

But  if  the  enlargement  of  the  fissure  is  to  be  permanent,  the  reunion  of 
the  wound-edges  must  be  prevented  bv  lining  them  witli  conjunctiva  {■perma- 
nent canthotonii/).    The  steps  of  the  operation  are  as  follows  : 

An  assistant  draws  the  temporal  jxjrtions  of  the  lids  apart  to  make  the  external 
commissure  stand  out  as  a  firm  vertical  ridge.    The  surgeon  inserts  the  one  blade  ot 

blunt-pointed  straight  scissors  between 
the  commissure  and  globe,  and  pushes  it 
in  a  horizontal  direction  toward  the  wall 
of  the  orbit ;  next  the  scissors  are  shut, 
and  with  one  firm  stroke  the  entire 
tliickness  of  the  commissure  is  cut 
through.  The  bleeding  is  usually  pro- 
fuse, but  easily  controlled  by  pressure; 
sometimes,  however,  it  is  necessary  to 
use  torsion  upon  a  small  artery.  Owing 
to  the  traction  of  the  assistant  upon  the 
eyelids,  the  transverse  incision  is  imme- 
diately changed  to  a  vertical  rhomboid 
wound  (Fig.  343).  whose  temporal  side  is 
represented  by  the  skin  and  the  bulbar 
side  by  the  conjunctiva.  Bkin  and  con- 
junctiva are  then  united  by  sutures  to 
keep  the  j^alpebral  fissure  permanently 
enlarged.  Three  sutures  are  applied — 
one  uniting  the  center  of  the  wound 
where  the  new  cauthus  is  to  be,  and  one 
suture  above  and  one  below  it. 

Belbre  these  sutures  are  passed  it  is 
necessary  to  loosen  the  conjunctiva  from 
the  underlying  tissues.  Seizing  the  conjunctival  border  of  the  wound  with  Ibrceps,  the 
surgeon  draws  upon  it  until  he  distinctly  feels  the  resistance  of  the  ligament ;  then, 
passing  the  closed  blades  of  curved  scissors  into  the  wound,  he  feels  tor  the  ligament, 
and  when  he  lias  found  it  opens  the  scissors  just  far  enough  to  get  the  ligament  between 
the  blades,  and  cuts  it  by  one  quick  stroke.  As  soon  as  the  ligament  is  cut  the  con- 
junctiva is  so  movable  that  it  can  easily  be  united  with  the  skin-borders  of  the  enlarged 
fissure.  The  sutures  should  be  tied  rather  loosely,  lest  they  cut  through  the  swollen 
tissue  too  soon.  Bandaging  is  not  necessary.  On  the  third  or  fourth  day  the  sutures 
can  be  removed. 

Operation  for  EpicantJms. — The  best  results  are  obtained  by  the  modified 
V.  Amnion's  operation,  devised  by  Dr.  Knapp  ^  in  1873. 

A  rhomboidal  jiiece  of  skin,  over  an  inch  in  length  and  nearly  two-thirds  of  an  inch 
in  width  at  its  broadest  part,  is  excised  on  the  root  of  the  nose.  The  skin  at  both  sides 
of  the  wound  is  carefully  undermined,  and  when  the  bleeding  has  subsided  the  wound  is 
united  by  silk  sutures.  Dr.  Knapp  covers  the  wound  with  plaster  strips  to  protect  it 
from  the  child's  hands,  for  immediate  union  is  of  the  greatest  importance  to  avoid 
unsightly  scars  on  the  nose. 

MAJOR  OPERATIONS. 

This  group  comprises  operations — 

1.  For  the  correction  of  malposition  of  the  eyelids  (entropion  and  ectro- 
pion) ;  2.  For  tlie  reconstruction  of  the  partly  or  totally  destroyed  lid ; 
3.  For  tlie  relief  of  ptosis. 

I.  Operations  for  Entropion  and  Trichiasis.'— Instruments.— 

Small  scalpels,  curved  scissors,  mouse-tootlied  forceps,  needles,  needle-holder, 

^  Archives  of  Ophlhaimnlnfiy,  vol.  iii.  p.  53. 

=^The  so-called  trichiasis  represents  merely  the  most  advanced  stage  of  entropium. 
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and  silk  Nos.  1  jind  The  lid-clanip  and  lid-plate  are  not  absolutely 
required,  though  used  by  many  operators. 

The  chief  object  of  all  entropion-operations  is  to  remove  the  offending 
eyelashes  from  contact  with  the  eyeball.  This  can  be  accomplished  in  two 
ways :  either  the  whole  inverted  lid-border  is  turned  up  and  secured  in  its 
normal  position  by  a  permanent  tension  from  a  fixed  point  above,  or  the  eye- 
lashes alone  are  turned  up  to  their  normal  direction  and  supplied  with  a 
support  below  to  prevent  their  reinversion. 

1.  The  principle  of  relieving  entropion  by  permanent  tension  upon  the 
lid-border  finds  its  most  correct  and  successful  application  in  the  operation  of 
Anagnostakis  and  Hotz} 

The  operation  is  performed  on  the  u]iper  lid  as  follows  : 

While  an  assistant  fixes  the"  skin  at  the  supra-orbital  margin  the  operator,  seizing 
the  center  of  the  lid-border  with  fingers  or  forceps,  draws  the  lid  downward  to  put  its 
skin  well  on  a  stretch,  and  makes  a  transverse  incision  through  skin  and  orbicularis 
muscle  from  a  point  2  or  3  mm.  above  the  ])unctum  lachrymale  to  a  point  2  or  3  mm. 
above  the  external  canthus.    This  incision  (Fig.  344,  A)  divides  the  lid-skin  in  a  line 
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Figs.  344,  345.-^1  and  B,  operation  of  Anagnostakis  and  Hotz. 

parallel  to  and  a  little  below  the  upper  border  of  the  tarsal  cartilage,  and  is  therefore 
from  4  to  8  mm.  distant  from  the  free  border  in  the  center  of  the  lid.  The  skin  and 
muscular  layer  are  now  dissected  from  the  incision  down  to  the  roots  of  the  eyelashes, 
and,  while  an  assistant  is  holding  the  edges  of  the  wound  well  separated,  the  operator 
seizes  with  forceps  and  excises  with  curved  scissors  the  muscular  fibers  running  trans- 
versely across  the  upper  border  of  the  tarsus.  Next  the  sutures  are  inserted.  Three 
sutures  are  usually  sufficient — one  in  the  center  of  the  wound  and  one  at  each  side  of  the 
central  suture.    The  curved  needle,  armed  with  black  silk  No.  3,  is  first  passed  through 

^  To  the  former  belongs  the  credit  of  liaving  been  the  (irst  { Anndles^  (V OcHliMiqnc,\9i^l)  to 
declare  tliat  in  order  to  be  efiective,  uniform,  and  lasting  the  skin-tension  apjilied  to  the  lid- 
border  must  proceed  from  a  fixed  point  so  located  that  it  maintains  tlie  same  distance  from  the 
lid  border  in  all  the  various  positions  and  movements  of  the  lid,  and  the  only  point  wliicli  fulfils 
these  anatomic  conditions  is  the  opposite  border  of  the  tarsal  cartilage.  But  this  valuable  .sng- 
gestion  and  the  operation  based  upon  it  did  not  find  among  the  oculists  the  recognition  they 
deserved.  Twenty  years  later  Dr.  Hotz  was  led  by  his  own  independent  investigations  to  ado])t 
the  same  views  {Arch,  of  Ophth.,  viii.  p.  249),  and  to  suggest  an  operation  in  its  chief  features 
identical  with  that  of  Anagnostakis. 
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the  wound-border  of  the  lid-skin  (Fig.  344,  a)  ;  then  it  is  thrust  through  the  upper 
border  of  the  tarsus  and  returned  through  the  tarso-orbital  fascia  just  above  this  border; 
and  tinally  it  is  carried  through  the  upper  wound-border  (Fig.  344,  b).  When  these 
sutures  are  tied  the  skin  is  drawn  upward  and  hxed  to  the  upper  tarsal  border  (Fig. 
34;'),  B),  and  this  slight  traction  is  sufficient  to  turn  the  inverted  lid-border  and  eyelashes 
to  their  normal  position ;  and,  as  the  skin  becomes  firmly  united  with  the  tarsal  border, 
the  tension  thus  protluced  upon  the  lid-border  is  permanently  secured. 

The  sutures  should,  of  course,  not  be  tied  until  all  bleeding  has  ceased  and  the 
wound  is  thoroughly  cleansed;  they  may  be  removed  on  the  third  day.  Under  aseptic 
dressings  the  wound  heals  by  first  union,  even  if,  as  sometimes  occurs,  secondary  hemor- 
rliage  or  edema  causes  considerable  swelling  for  several  days.  Should,  however,  suppura- 
tion occur,  the  sutures  should  at  once  be  taken  out  to  give  Iree  exit  to  the  pus;  and  if 
the  suppuration  is  j)romptly  subdued,  a  fair  result  may  still  be  hoped  fur,  because  the 
contraction  of  the  cicatrix  unites  the  skin  with  the  tarsal  border. 

This  operation  can  bo  ])erfornie(l  also  on  the  lower  lid  ;  only  that  on 
accoiuit  of  the  small ness  of  the  tarsus  the  sutnres  are  passed  entirely  below 
it  throno-h  the  tarso-orbital  fascia. 

In  the  higher  degrees  of  entropion  (trichiasis)  additional  surgical  meas- 
ures are  often  necessary  :  if  the  palpebral  fissure  is  abnormally  contracted, 
canthotomy  should  be  done  in  connection  with  the  entropion  operation  ;  and 
if  the  tarsus  is  much  shrunken  and  rigid,  the  reposition  of  tlie  lid-border 
cannot  be  accomplished  without  (/rooving  the  GartUage  [8treatfeild-SnelLen\'i 
operation). 

Just  above  the  roots  of  the  eyelashes  a  transverse,  narrow  wedge-shaped  strip  is 
removed  from  the  cartilage ;  the  resulting  groove  makes  it  easy  for  the  lid-border  to 
turn  up  under  the  traction  of  the  skin  when  it  is  sutured  to  the  upper  border  of  the 
tarsus. 

2.  The  second  principal  method  of  relieving  entropion  may  be  called  the 
reconstruction  of  the  lid-niargin.  It  consists  in  turning  up  the  inverted  eye- 
lashes alone,  and  supporting  them  in  their  normal  position  by  a  new  lid- 
margin.  This  operation,  first  suggested  in  1873  by  Spencer  Watson's  com- 
plicated double-trans])lantation,  has  gone  through  numerous  changes  i)efore 
it  was  evolved  into  the  present  simple  procedure. 

The  inverted  lid-border  is  split  by  the  intermarginal  incision,  great  care  being  taken 
that  all  cilia  are  contained  in  the  anterior  layer.  This  incision  is  deepened  so  much  that 
the  anterior  layer  with  the  lashes  can  easily  be  everted,  thereby  converting  the  inter- 
marginal incision  into  a  gaping  wound  (Fig.  346)  several  millimeters  in  depth. 


A  B 


Fig.  346.— Reconstruction  of  lid-border. 


This  groove  is  to  be  filled  either  by  a  strip  of  mucous  membrane  or  a  skiu-^raft 
The  graft  must  be  of  the  same  length  and  width  as  the  intermarginal  wound. 

The  strip  of  mucous  membrane  is  cut  out  with  a  few  clips  of  a  pair  of  curved 
scissors  from  the  inner  surface  of  the  under  lip,  and  placed  at  once  on  the  wound  and 
pressed  into  position  with  a  pledget  of  cotton  wool  or  gauze. 

The  skin-graft  is  cut  out  from  the  integument  behind  the  ear,  the  incisions  pene- 
trating obliquely  just  into  the  corium.  It  is  at  once  transported  to  the  lid  and  pressed 
into  the  groove.  If  the  graft  should  be  too  large,  it  should  be  trimmed  down  with  a  pair 
of  small  curved  scissors  until  its  edges  are  even  with  the  margin  of  the  wound  Sutures 
are  unnecessary,  but  both  eyes  should  be  bandaged  for  twenty-four  or  forty-ei'^ht  hours 
until  the  graft  IS  adherent.  ^  ^ 
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The  writer  prefers  skin-o-rafts,  because  the  normal  intermar<>;inal  space  is 
lined  by  skin,  not  by  mucous  membrane  ;  because  skin-o-rafts  are  less  likelv 
to  mortify  ;  and  because  tilling  the  entire  depth  of  the  wound  makes  a  more 
substantial  new  lid-border.  The  use  of  skin-grafts  is  often  objected  toon  the 
ground  that  the  fine  hairs  in  the  transplanted  strip  would  irritate  the  eye,  but 
if  the  grafts  are  cut  as  described  above,  they  never  grow  any  haii-s.  If  sub- 
sequently any  hairs  are  found  in  tiie  newly-made  lid-margin,  a  careful  inspec- 
tion will  prove  that  tluy  grow  from  the  posterior  edge  of  the  lid-margin,  or, 
in  other  words,  they  are  cilia  which  the  operator  when  making  the  intermar- 
ginal  incision  has  left  in  the  posterior  margin  of  the  wound, 

Tiie  two  methods  of  entropion-oi)eration  here  described  can  relieve  all 
degn^es  of  entropion  ;  in  the  worst  forms  the  best  results  are  obtained  by  the 
Gomhination  of  both  iitef/iods. 

This  latter  plan  is  certainly  su})eri()r  to  the  Jde.scJie-Arlt  operation,  in 
which  also  skin-tension  is  combined  with  tiie  transplantation  of  the  cilia. 

The  lid-ni;irgin  is  split  by  the  iiiterniargiiuil  iiicisiou;  next  a  second  incision  is 
made  5  mm.  above  and  ])arallel  to  the  ciHary  edge,  and  a  third  incision  is  carried  in  a 
curve  from  one  end  of  the  second  incision  to  tlie  other  end,  and  the  semilunar  piece  of 
skin  is  removed.  The  bridge  containing  the  eyehishes  is  detached  from  the  underlying 
cartilage  by  careful  dissection,  so  that  when  the  margins  of  the  gaping  skin-wound  are 
drawn  together  by  tine  sutures  the  bridge  is  shifted  upward.  This  produces  along  the 
lid-margin  a  gap  which  is  covered  by  a  piece  of  skin  (Waldauer's  modification). 

The  ol)je(!tionable  features  of  this  operation  are  that  the  new  intermarginal 
space  is  abnormally  broad,  and  that  the  excision  of  the  lid-skin  seriously  dis- 
turbs the  natural  appearance  and  movements  of  the  lid.  In  many  instances 
the  shortening  of  the  lid-skin  has  made  the  closure  of  the  lids  impossible, 

Burow,  Green,  and  others,  believing  in  an  incurvation  of  the  tarsus  as  the  chief 
factor  in  the  production  of  entropion,  practise  a  transverse  incision  from  the  conjunc- 
tival side  through  the  entire  thickness  of  the  tarsus  to  straighten  the  supposed  incurva- 
tion. These  operations  are  seldom  permanently  successful,  and  leave  on  the  conjunctival 
surface  a  thick  scar  which  is  often  the  source  of  a  persistent  irritation  to  the  eye. 

II.  Operations  for  Ectropion. — The  eversions  of  the  lid  calling  for 
operative  correction  are  the  senile  ectropion  and  the  varions  forms  of  ever- 
sion  from  the  contraction  of  cicatrices  following  extensive  tissue-destruction 
in  the  lid  and  its  vicinity  (cicatricial  ectropion). 

Senile  ectropion  occurs  only  in  the  lower  lid  from  a  relaxation  of  its 
tissues  associated  with  a  lengthening  of  its  free  border.  Unless  the  lid-border 
is  shortened,  the  reposition  of  the  everted  lid 
cannot  be  successfidly  accomplished.  This  ac- 
counts for  the  unsatisfactory  results  attained  by 
the  suture-operations  (Snellen,  .Vrgy  11- Robert- 
son, and  others)  which  attempt  to  overcome  the 
e version  by  the  traction  of  sutures  carrietl  from 
the  conjunctiva  near  the  fornix  through  the 
entire  thickness  of  the  lid,  and  tied  u|)on  the 
cheek  over  a  piece  of  small  rubber  tubing. 

Shortening  the  lid-border  is  accom[)lished  by 
Adams's  opercdion : 

A  wedge-shaped  piece  is  excised  from  the  entire  thickness  of  the  lid  and  the  mar- 
gins of  the  wound  drawn  together  by  sutures.  If,  as  originally  practised,  the  piece  is 
excised  from  the  center  of  the  lid,  the  contraction  of  the  scar  produces  an  unsightly 
notch  in  the  lid-border:  this  disfiguration  is  avoided  by  making  the  excision  at  the 
external  canthus  (Fig.  347). 


Fig.  317.— Shortening  of  the  lid- 
border. 
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The  Kuhnt-Mnlkv  Operation.— A  very  neat  operation  for  the  same  pui- 
pose  was  designed  bv  Prof.  Kuhnt  in  1883,  and  modified  by  L.  Miiller  in 
1893. 

A  deep  incision  is  made  by  :in  iridectoniy-knife  into  the  center  of  the  lid-margin 
to  split  the  litl-snbstance  into  tWo  portions— the  one  portion  containing  the  conjnnctiva 
and  tarsus,  and  the  other  portion  containing  the  soft  tissues  and  the  skin.  From  the 
lirst  portion  a  trianuular  piece  is  dissected  out  by  two  incisions  (Fig.  348,  A,  ac  and  be) 
converging  toward  the  fornix.  The  two  portions  of  the  lid  are  further  separated  toward 
the  external  canthus  l)y  carrying  the  lance  from  and  under  the  margin  be  toward  d. 
Now  tlie  V-siiaped  wound  of  "tlie  tarsus  is  closed  by  one  or  two  sutures,  and  then  the 
long  stretch  of  the  skin-margin  {dn)  is  "gatliered  uj)  "  with  the  much  shorter  margin  db 
of  the  tarsus  bv  sutures;  llie  proper  mode  of  their  ai)plication  is  best  understood  by 
a  reference  to  Fig.  348,  I>.  Where  these  sutures  are  tied  the  skin  puckers  a  little  be- 
tween each  suture,  but  the  process  of  cicatrization  will  efface  every  trace  of  this  uneven- 
ness  and  restore  a  perfectly  smooth  lid-margin. 


A  B 


Fig.  348.-^1,  shortening  of  lid-border  after  manner  of  Kuhnt  and  Miiller  ;  B,  Kuhnt-Miiller  operation, 

final  stage. 

In  the  operations  for  cicatricial  ectro}non  the  first  step  shonld  always  be 
to  liberate  by  careful  dissection  the  everted  lid  from  all  cicatricial  adhesions 
so  thoroughly  that  its  reposition  is  possible  without  the  least  restraint  or 
resistance. 

Cicatricial  ectropion  of  the  loiver  lid  presents  two  problems: 
1.  Its  border,  being  stretched   and   abnormally  lengthened,  must  be 
reduced  to  the  proper  size. 


A  B 


Fig.  349.—^,  Arlt's  operation  for  cicatricial  ectropion  of  lower  lid  ;  B,  final  stage. 

2.  The  replaced  lid  must  be  provided  with  a  solid  support  below  to  hold 
it  in  its  normal  position. 
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In  many  instances  these  problems  can  be  successfully  solved  by  Arlt^s 
operation  (Fig.  349,     and  i>). 

The  incisionsi  ob  sind  bd  are  made  so  that  they  form  at  6  an  acute  angle.  These 
incisions  are  carried  right  through  the  cicatricial  tissues ;  the  flap  abd  is  carefully  dis- 
sected up  to  the  lid-border,  and  the  lid  released  from  all  cicatricial  restraints,  so  that  it 
can  easily  be  brought  into  its  normal  position.  Next  the  lid-border  is  shortened  at  the 
external  canthus  by  removing  the  piece  coed,  making  an  incision  co  along  the  edge  just 
behind  the  eyelashes  on  the  conjunctival  side  and  the  crosscuts  cd  and  oe.  If  now  the 
lid-border  is  lifted  up  into  its  proper  position,  the  wound-margins  oe  and  cd  are  brought 
in  apposition  and  held  together  by  two  sutures. 

The  reposition  of  the  lid  leaves  below  it  the  open  wound  abdg  (Fig.  349,  B),  which  must 
be  filled  with  some  solid  material  to  furnish  a  good  support  to  the  lid  according  to  the 
second  indication  stated  above.  If  the  adjacent  integument  is  sound  and  elastic,  the 
support  of  the  replaced  lid  can  be  furnished  by  drawing  the  margin  ag  and  gd  together 
from  g  upward,  and  by  uniting  also  a  portion  of  the  margin  ag  with  ab  and  gd  with  bd 
to  a  Y-shaped  cicatrix. 

If  this  plan  cannot  be  adopted,  Wolfe's  method  of  grafting  a  sJcin-flap 
without  a  pedicle  upon  the  wound  should  be  practised. 

The  edges  of  the  lower  and  upper  eyelids  are  united  by  three  ligatures,  and  the  ends 
of  the  ligatures  are  drawn  up  and  fixed  upon  the  forehead  by  strips  of  adhesive  plaster. 
The  shape  and  size  of  the  skin  required  must  be  carefully  cut  out  in  lint.  A  piece  of 
liut  is  then  laid  upon  the  forearm  and  the  shape  traced  by  the  point  of  the  knife,  making 
it  one-third  larger  all  around  to  allow  for  shrinking.  This  flap  is  excised  and  spread  out 
on  the  left  forefinger  to  remove  from  it  with  sharp  scissors  all  areolar  tissue  to  leave  a 
white  surface.  The  flap  so  prepared  is  put  upon  the  wound  and  moulded  into  position. 
No  sutures  are  used  ;  several  pieces  of  lint  or  gauze  wrung  out  of  hot  water  are  laid  upon 
the  flap  and  secured  by  a  bandage.  The  eye  should  not  be  disturbed  for  the  first  three  days, 
after  which  the  dressing  should  be  carefully  removed,  the  last  layer  being  well  soaked 
with  hot  water  in  order  that  it  may  be  removed  easily  without  deranging  the  flap.  It 
may  then  be  dressed  every  twenty-four  hours.  The  ligatures  of  the  eyelids  should  not 
be  removed  before  six  weeks. 

This  operation  is  superior  and  preferable  to  all  the  numerous  ingenious 
methods  of  transplanting  flaps  with  pedicles  from  the  face,  for  it  is  free  from 
the  serious  disadvantage  they  possess — to  wit,  that  if  the  flap  sloughs  the  dis- 
figuration of  the  face  is  worse  after  the  operation  than  before. 

Operation  for  cicatricial  ectropion  of  the  upper  eyelid  presents  an  additional 
problem  of  great  interest — namely,  to  restore  its  mobility.  On  this  account 
the  selection  of  a  ])roper  material  to  replace  the  lost  skin  of  the  lid  is  of  the 
greatest  importance.  This  material  should  be  so  thin  as  to  mould  itself  to 
the  surface  of  the  lid,  and  so  light  and  pliable  as  not  to  impede  the  movements 
by  its  weight  and  thickness.  For  these  reasons  the  transplantation  of  skin- 
flaps  from  the  tem]>oral  region  cannot  be  recommended.  Wolfe's  fla]is  have 
been  used  with  fairly  good  results,  but  the  lid  always  looks  heavy  and  cannot 
be  elevated  to  the  full  extent. 

TJiierscJi's  method  of  skin-grafting  yields  better  cosmetic  results. 

The  lid,  being  completely  liberated  from  the  cicatricial  adhesions,  is  drawn  down 
and  fastened  to  the  cheek  by  three  ligatures  passed  through  the  lid-border.  The  wound 
is  temporarily  covered  with  a  gauze  compress  wrung  out  of  a  warm  solution  of  sodium 
chlorld  per  cent.)  while  the  grafts  are  being  cut  from  the  flexor  side  of  the  arm.  The 
surgeon  grasps  the  arm  between  the  thuml)  and  fingers  of  the  left  hand  to  draw  the  skin 
tense,  and,  holding  the  razor  in  his  right  hand,  he  lays  its  blade  flat  upon  the  well- 
wetted  surface  of  the  arm,  and  presses  it  down  just  enough  to  make  its  sharp  edge  bite 
into  the  skin,  but  no  deeper  than  the  papillary  layer.  By  slow  and  short  sawing  mo- 
tions the  blade  is  steadily  pushed  on  in  the  papillary  layer  until  a  piece  of  epidermis  of 
the  desired  size  has  been  gathered  on  the  razor-blade. 

During  this  "shaving  process"  an  assistant  drops  salt  solution  upon  the  blade  and 
pushes  with  a  probe  the  skin-shaving  back  from  the  edge  of  the  razor.    To  cut  the 
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shaving  off,  the  edge  of  the  knife  is  turned  up,  wliile  the  assistant  presses  the  probe  flnt: 
down  upon  the  shaving  near  the  edge  of  the  razor-blade.  Now  the  compress  is  removed 
from  the  lid,  tlie  wound  is  carefully  cleansed  of  all  coagulated  blood,  and  the  skin- 
shaving  is  transferred  directly  from  the  razor  to  the  lid-surface.  For  this  purpose  plenty 
of  salt  solution  is  dropped  on  the  razor  to  keep  the  graft  floating:  if,  now,  the  edge  of 
f;he  razor  near  its  point  is  brought  in  contact  with  the'border  of  the  wound,  tlie  solution 
will  run  off  from  the  razor  and  carry  the  gralt  with  it;  but  as  soon  as  the  solution  begins 
to  flow  and  the  edge  of  the  graft  has  come  in  contact  Avith  and  clings  to  the  wound- 
border,  the  razor  is  drawn  from  under  the  graft  across  the  wound,  by  which  maneuver 
the  skin-gralt  Hoating  from  the  razor  is  at  once  spread  out  smoothly  over  the  lid-surface. 
It  is  not  ditlicult  to  cut  shavings  from  \\  to  2  inches  in  length  and  from  1  to  \l  inches 
in  width  if  only  the  knife-blade  is  operated  by  a  steady  hand  and  moved  in  the  same 
plane.  AVhen  the  whole  wound  is  well  covered  with  these  skin-shavings  two  layers  of 
strips  of  silk  i)r<)tective,  moistened  with  the  salt  solution,  are  placed  in  position.  They 
should  be  half  an  inch  wide  and  long  enough  to  hip  over  the  wound-border  on  both 
sides ;  one  layer  is  placed  in  a  transverse  direction  and  the  second  layer  in  a  longitudinal 
direction.  These  strips  are  covered  with  a  cornpress  which  is  to  be  kept  wet  with  salt 
solution.    The  sound  eye  should  also  be  bandaged. 

This  first  dressing  should  remain  undisturbed  for  two  days.  To  remove  it  the  com- 
presses and  strips  of  protective  are  thoroughly  soaked  with  salt  solutions  ;  the  grafts  are 
rinsed  with  the  same  solutions,  and  fresh  strii)s  and  compresses  are  applied.  After  four 
or  five  days  the  bandage  may  be  removed  from  the  sound  eye,  at  the  end  of.  one  week 
the  ligatures  may  be  cut,  and  during  the  second  week  the  grafted  lid  needs  only  to  be 
daily  rubbed  over  with  iodoform  ointment.  Alter  the  second  week  no  further  treatment 
is  required.  The  grafted  skin  undergoes  a  gradual  contraction  of  about  one-fourth  of  its 
area,  but  if  this  shrinkage  has  been  anticipated  by  the  operator,  it  will  not  affect  the 
perfect  cosmetic  success  of  the  operation. 

Tramplantotion  of  Cicatricial  SJx'info  Replace  the  Iiifegimenf  of  the  Lid. — 
For  cases  where  the  eyebrow  is  partially  destroyed  and  the  supraorbital  region 
largely  covered  by  cicatricial  tissue  the  author  lias  made  the  new  skin  of  the 
replaced  lid  from  this  cicatricial  skin. 

In  case  of  complete  ectropion  of  the  upper  lid  (Fig.  350)  the  procedure 
was  as  follows '} 

The  border  of  the  everted  upper  lid  of  the  left  eye  was  drawn  up  and  fixed  to  the 
temporal  portion  of  the  supraorbital  margin,  and  above  it  a  large  stretch  of  cicatricial 
skin  extended  far  into  the  frontal  and  temporal  region.    The  absence  of  the  temporal 


Fig.  350.~Sho\ving  restoration  of  the  upper  lid. 


half  of  the  brow  made  the  following  operation  possible:  From  a  point  (a,  Fig.  351)  near 
the  inner  canthus  an  incision  was  carried  obliquely  upward  past  the  end  of  the  eyebrow, 

^  Case  reported  to  the  American  Medical  Association  in  1896. 


OPERA  TIONS  FOB  THE  BESTORA  TION  OF  THE  LID.  555 


well  up  into  the  cicatrieiul  skin  above  the  supraorbital  margin,  and  then  continued  at 
a  considerable  distance  from  the  lid-border  in  a  curved  line  downward  to  a  point  (c) 
about  G  mm.  from  the  external  canthus.    The  large  skin-flap  {abc)  mapped  out  by  thi& 


Fig.  351.— Hotz's  transplantation  of  Fig.  352.— Second  stage  of  Hotz's  transplantation  ol'  cica- 

cicatricial  flap.  tricial  flap. 


Fig.  353.— Final  stage  of  Hotz's  transplantation  of  cicatricial  flap. 

incision  was  carefully  dissected  from  the  underlying  scar-tissue  down  to  the  lid-border, 
with  which  it  was  left  connected.  The  lid  then  was  released  from  all  cicatricial  adhe- 
sions and  replaced  in  its  normal  position. 

The  cicatricial  skin-flap  [abc,  Fig.  351)  contracted  considerably  as  soon  as  it  was 
detached  from  its  basis;  but  as  this  shrinkage  was  anticipated  by  cutting  the  flap  of 
very  large  dimensions,  it  was  still  sufficiently  large  to  cover  the  whole  surface  of  the  lid. 
It  was  spread  over  this  surface,  and  its  margin  [ac,  Fig.  352)  was  fixed  by  four  sutures 
to  the  upper  border  of  the  tarsus,  and  the  resultant  wound  {abc)  above  the  lid  was 
covered  by  a  skin-flap  [bed)  from  the  temporal  side,  the  margin  be  being  united  to  ab, 
and  de  to  the  margin  ae,  Fig.  353. 

Tlie  ^reat  advantao^e  of  this  operation  lies  in  tlie  fixation  of  the  new  lid- 
skin  to  the  npper  tarsal  border.  This  nnion  makes  the  new  skin  an  integral 
part  of  the  lid,  and  constitutes  a  protective  barrier  to  prevent  tissue-(!on- 
traction,  which  may  take  place  in  the  supratarsal  region,  from  disturbing  the 
position  of  the  lid. 

III.  Operations  for  the  Restoration  of  the  I/id  {Blepharoplash/).-  - 
If  the  lid  is  partly  or  totally  destroyed  (by  injuries,  extirpation  of  tumors, 
ulcerations,  etc.),  the  defect  is  repaired  by  the  transplantation  of  skin-fla])s 
from  the  vicinity.  The  operative  procedures  are  as  numerous  as  the  lesions 
vary  in  character  and  extent,  and  each  case  must  be  studied  well  to  designate 
the  method  best  suited  for  its  conditions.  In  general,  it  may  be  said  tliat 
the  results  of  blejjharoplasty  present  a  far  better  appearance  on  [)aper  than 
in  flesh. 

The  following  methods  may  serve  as  working  patterns  : 

Eve7\'ibusch's  Method  for  Making  an  Entire  New  Lid. — A  skin-flap  of  suitable  shape 
and  size  is  cut  in  the  vicinity,  and  the  wound  as  well  as  the  under  surface  of  the  flap  is 
covered  with  Thiersch  skin-shavings.    A  piece  of  silk  protective  being  placed  upon  the 
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wound,  the  flap  is  put  back  in  its  original  place,  and  left  there  under  proper  aseptic 
dressings  until  the  Thiersch  grafts  are  adherent.  Then  the  cicatrix  along  the  orbital 
margin  is  excised,  and  the  skin-flap  being  laid  across  the  eyebal  ,  its  edge  (which  Has 
been  previously  freshened  up)  is  sutured  to  the  wound  along  the  orbital  margin 

If  a  portion  of  the  conjunctiva  is  preserved,  this  is  carefully  dissected  up  from  tne 
cicatricial  adhesions  and  used  for  lining  the  transplanted  Ha)). 

For  the  reconstruction  of  tlie  upi)er  11(1  a  tongue-shaped  flap  is  taken 
from  the  temporal  region — Fricke^s  method  (Fig.  354). 


\ 


Fig.  354— Fricke's  method  of  blepharoplasty.      Fig.  355.— Dieffenbaeh's  method  of  blepharoplasty. 

The  lower  lid  can  be  restored  by  Dieffenbaeh's  method  of  sliding  a  flap 
taken  from  the  cheek  upon  the  triangular  wound  (Fig.  355),  or  by 

A  B 


Figs.  356,  357.— Landolt's  method  of  blepharoplasty. 

Landolt^s  Method  (Figs.  356,  357). — Two  parallel  incisions  {ab  and  cd),  which  at  both 
ends  reach  a  few  millimeters  beyond  the  canthi,  are  made  through  skin  and  orbicularis 
of  the  upper  lid,  and  this  bridge,  being  dissected  from  the  tarsus,  is  drawn  down  to  take 
the  place  of  the  lost  lower  eyelid.  The  lower  edge  of  the  flap  is  sutured  to  the  skin 
along  the  infraorbital  margin,  and  its  upper  edge  is  united  with  the  conjunctiva.  After 
union  has  taken  place  the  connections  of  the  skin-bridge  with  the  upper  lid  are  divided. 

If  only  a  portion  of  the  lower  lid  is  lost,  the  remaining  portion  mav  be 
moved  over  into  the  defect,  and,  if  the  defect  is  very  large,  a  skin-flap  can  be 
drawn  over  from  the  o])posite  side  to  be  joined  Avith  the  transplanted  lid- 
portion — Kvapp's  method  (Fig.  358). 

For  partial  destruction  of  the  upper  lid  Landolt  has  devised  the  following 
ingenious  metliod  (Fig.  359)  : 

The  nasal  portion  of  the  upper  lid  being  lost,  the  surgeon  splits  the  remaining  lid- 
portion  in  its  entire  extent  into  two  layers,  the  anterior  layer  containing  the  skin  and 
muscle,  the  posterior  layer  containing  the  tarsus  and  conjunctiva.    An  incision  made 
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through  the  anterior  layer  from  the  external  canthus  obliquely  upward  to  the  eyebrow 
allows  the  anterior  layer  to  be  shifted  toward  the  nasal  side,  where  it  is  united  by 
sutures  with  the  nasal  margin  of  the  original  lid-defect;  sutures  are  also  put  into  the 


Fig.  358.— Knapp's  method  of  blepharoplasty.  Fig.  359.— Landolt's  restoration  of  a  partially 

destroyed  upper  lid. 


lid-margin  from  c  to  d  to  reunite  the  transplanted  anterior  layer  with  the  posterior 
layer.  The  triangular  wound  [abc)  resulting  from  the  sliding  of  the  anterior  layer  is 
covered  by  Thiersch's  skin-grafts. 

Operations  for  Coloboma  of  the  Lid. — Congenital  and  traumatic  colo- 
bomata  of  moderate  extent  can  iLsnally  be  rectified  by  a  careful  union  of  the 
freshened  edges.  Extensive  lacerations  of  the  lid,  however,  often  produce 
so  great  a  displacement  of  the  severed  lid-portion  that  its  reposition  requires 
a  regular  transplantation,  as,  for  instance,  in  the  following  case  : 

In  September,  1886,  a  young  man  received  a  deep  cut  by  a  piece  of  glass,  completely 
dividing  the  temporal  third  of  the  upper  lid  of  the  left  eye.  In  November  he  presented 
himself  with  a  long  oblique  scar  in  the  upper  lid,  with  its  temporal  portion  so  displaced 
that  its  edge  ran  straight  upward.  To  relieve  this  deformity  the  scar  was  excised  from 
a  to  c,  and  a  flap  was  formed  by  the  deep  incisions  ce  and  eg.    This  flap,  being  well 


Fig.  360.— Replacement  of  lacerated  lid  according     Fig.  361.— Result  of  replacement  of  lacerated  lid. 
to  Hotz. 


mobilized,  Avas  then  turned  so  as  to  bring  the  lid-edge  be  into  its  normal  position  ; 
the  wounds  were  then  closed  by  uniting  the  edges  ce  with  ac  and  the  neighboring  skin 
with  ge.    The  result  was  very  satisfactory. 

IV.  operations  for  Ptosis. — Patients  suffering  from  paralysis  of  the 
levator  palpebrarum  instinctively  learn  to  elevate  the  lid  to  a  certain  degree 
bv  the  aid  of  the  frontalis  muscle.  Its  contractions,  drawing  the  eyebrow 
and  the  integument  between  the  brow  and  eyelid  upward,  exert  indirectly  a 
traction  upon  tlie  lid  by  which  a  moderate  elevation  of  the  lid  is  accom- 
plished. To  increase  this  vicarious  action  of  the  frontalis  muscle  upon  the 
upper  lid  is  the  aim  of  the  following  ptosis  operations : 
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Punans  Operatioti.— The  upper  lid  being  stretched  upon  a  liorn  plate,  a  transverse 
incision,  following  the  I'urrow  above  the  lid,  is  made  through  skin  and  muscle  to  expose 
the  tarso-orbital  fascia.  From  near  either  extremity  of  this  incision  a  vertical  incision 
(Fig.  3()2)  is  carried  downward  to  a  i)oint  2  or  3  mm.  below  the  upper  border  of  the 
tarsus,  where  the  one  incision  is  continued  in  a  horizontal  direction  to  terminate  near 
the  tear-point,  and  the  other  one  horizontally  outward  to  terminate  near  the  external 
canthus.  The  rectangular  flap  thus  mapi)e(rout  is  dissected  up  from  above  downward, 
so  as  to  expose  the  upper  tarsal  border.  Next  a  transverse  incision,  slightly  convex 
upward  and  about  2  cm.  in  length,  is  nuide  just  above  the  eyebrow.  This  incision  is 
carried  through  all  the  tissues  down  to  the  periosteum.  The  cutaneous  bridge  between 
the  two  horizontal  incisions  above  and  below  the  brow  is  undermined,  and  the  rectan- 
gular skin-llap  is  pushed  under  this  bridge  upward  and  attached  by  sutures  to  the  upper 
«dge  of  the  upper  incision.    In  order  that  the  traction  of  these  sutures  shall  not  pro- 


FiG.  362.— Panas's  operation  for  ptosis.  Fig.  363.— Panas's  operation  concluded. 


■duce  ectropion,  an  additional  suture  is  applied  at  each  side.  These  lateral  sutures  are 
passed  through  the  tarso-orbital  fascia  and  conjunctiva  near  the  upper  tarsal  border, 
but  do  not  include  the  skin,  and  carried  under  the  skin  upward  to  emerge  from  the 
upper  margin  of  the  frontal  incision.  The  wound  is  dressed  with  antiseptic  dressing, 
and  the  sutures  arc  removed  after  four  or  five  days. 

The  effect  of  tlie  operation  depends  on  the  lengtli  of  the  rectangidar  flap. 
If  it  is  too  long,  the  elevation  of  the  lid  will  be  insufficient ;  if  too  short,  a 
marked  degree  of  lagophthalnios  is  produced. 

Wilder's  Operation  (Fig.  364).— Dr.  W.  H.  Wilder  of  Chicago  has  in  a 


Fig.  .364  —\yilder s  operation  for  ptosis:  a,  lower  lip  of  wound  drawn  down,  exposing  (//)  tarsus  and 
(c)  tarso-orbital  fascia,  in  which  gatherintr  stitches  are  placed ;  (/,  orbital  margin  ;  e,  upper  lin  of  wound 
mto  the  deep  parts  of  which  sutures  are  linally  passed  ' 

number  of  cases  relieved  the  ptosis  by  folding  upon  itself  the  tarso-orbital 
fascia  ("the  suspensory  ligament  of  the  upper  lid")  and  bv  establishing  a 
iirm  adhesion  between  the  fascia  and  frontalis  muscle  : 
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An  incision  LV  inches  in  lengtli  is  made  a  little  above  and  i)arallel  with  the  orbital 
margin  through  all  the  tissues  down  to  tlie  periosteum,  and  shoukl  be  so  placed  that  the 
resulting  scar  will  be  concealed  by  the  eyebrow.  Retractors  being  used  to  draw  down 
the  lower  lip  of  the  wound,  the  skin  and  orbicularis  mus(;le  are  separated  from  the  fascia 
by  careful  dissection  until  the  tarsus  is  brought  into  view.  Two  line  sutures  of  steril- 
ized catgut  or  silk,  armed  at  each  end  with  a  curved  needle,  are  then  passed  in  the 
following  manner:  the  needle  is  introduced  deep  enough  into  the  tarsus  to  secure  a  firm 
hold  at  a  ])oint  about  at  the  junction  of  the  outer  and  middle  third  and  a  little  distance 
from  its  upper  edge.  It  is  then  drawn  llirough,  and  several  gathering  stitches  are  taken 
u[)ward  in  the  tarso-orbital  fascia,  after  whicli  the  needle  is  made  to  pass  through  the 
muscle  and  connective  tissue  of  the  upper  lip  of  the  wound.  The  other  needle  on  the 
same  suture  traverses  a  parallel  course  in  the  same  manner,  entering  the  tarsus  about 
3  mm.  from  the  point  of  entnince  of  the  first,  and  emerging  in  the  tissue  above,  thus 
making  a  hjop  by  which  the  lid  may  be  drawn  up.  The  second  suture  is  passed  in  the 
same  way,  making  a  loop  at  the  junction  of  the  middle  and  iinier  thirds  of  the  tarsus. 
The  requisite  elevation  of  the  lid  nniy  be  now  secured  by  drawing  on  the  loops  and 
tying  the  sutures,  after  which  the  ends  may  be  cut  off.  The  lower  lip  of  the  wound  is 
now  replaced  and  united  to  the  upper  with  fine  suture?.  The  slight  scar  that  remains 
after  healing  is  almost  entirely  hidden  when  the  eyebrow  grows  again.  As  the  buried 
sutures  become  capsulated  additional  strength  is  given  to  the  bands  that  hold  up 
the  lid. 

The  various  operations  aiming  at  increasing  the  effect  of  the  frontalis 
muscle  hv  subcutaneous  ligatures  are  unreliable  and  uncertain  in  their  effect, 
like  all  operations  done  in  the  dark.  But  the  excision  of  an  oval  piece  of 
skin  should  never  be  practised  for  this  purpose,  because  it  produces  a  hideous 
lagophtlialmos. 

If  the  action  of  the  levator  muscle  is  not  entirely  lost,  the  principles  of 
tendon  advancement  and  tendon  resection  as  practised  in  squint  operations 
may  be  employed,  and  are  made  the  basis  of  the  methods  of  Eversbusch, 
Snellen,  and  M'oltf. 

In  Ecei'Hbmch''>i  operation  the  advancement  is  produced  by  folding  the 
tendon  upon  itself,  like  the  advancement  of  Tenon's  capsule. 

Midway  between  the  lid-margin  and  the  eyebrow  a  horizontal  incision  is  made 
through  all  the  tissues  down  to  the  fascia.  The  edges  of  the  wound  are  dissected  up  to 
expose  well  the  tendon,  which  there  is  blended  with  the  tarso-orbital  fascia.  Four  mm. 
above  the  upper  border  of  the  tarsus  a  small  vertical  fold  of  the  center  of  the  tendon  is 
then  taken  up  in  the  loop  of  a  double-armed  thread,  and  both  needles  are  passed  verti- 
cally downward  between  the  tarsus  and  orbicularis,  brought  out  at  the  lid-margin  2  mm. 
from  Hach  other,  and  tied  over  a  small  bit  of  rubber  tubing.  A  similar  suture  is  passed 
through  the  nasal  and  temporal  portions  of  the  tendon  respectively;  the  skin-wound  is 
closed  by  sutures  before  the  tendon-sutures  are  tied. 

SneKot^H  operation  '  is  a  tendon  resection. 

The  upper  border  of  the  tarsus  is  exposed  by  a  transverse  incision  and  the  orbicu- 
laris fibers  are  pushed  upward  and  downward.  The  exi)osed  fascia  is  then  incised  at 
some  distance  above  the  tarsal  borfler,  and  three  or  four  needles  are  thrust  through  the 
tendon  and  passed  from  above  downward  to  emerge  again  through  the  upper  l)order  of 
the  tarsus.  But  before  the  needles  are  drawn  out  the  piece  of  tendon  between  the  tarsal 
border  and  the  point  of  entrance  of  the  needles  is  excised.  Then  the  needles  are  drawn 
through  and  the  threads  tied. 

Wolfs  operation^  combines  tendon  resection  witli  tendon  advancement, 
and  is  a  decided  improvement  over  Snellen's  motliod. 

The  surgeon  makes  an  incision  through  all  the  tissues  along  the  upper  border  of  the 
tarsus,  and,  lifting  up  in  a  vertical  fold  the  central  portion  of  the  tendon  expansion  on 
the  anterior  surface  of  the  tarsus,  he  cuts  at  each  side  a  vertical  buttonhole,  through 

'  Report  of  (he  German  Ophlhnlmol.  Society,  at  Heidelberg,  1883. 
■'Ibi(f.,  1896. 
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which  two  strabismus-hook-s  are  slij^ped  under  the  tendon,  so  tliat  tlie  one  hook  is 
placed  close  to  the  insertion  aud  tiie  other  hook  so  far  above  it  that  the  distance  between 


Fkj.  3G5. — Wolffs  operation. 


the  two  hooks  represents  the  piece  of  tendon  to  be  resected.  Two  double-armed  catgut 
sutures  being  put  through  the  tendon  just  below  the  upper  hook,  the  tendon  is  cut 
transversely  below  the  sutures.  Both  ends  of  each  suture  are  then  carried  behind  the 
tendon-stump  and  passed  through  the  line  of  insertion,  tied,  and  cut  short ;  the  skin- 
wound  is  closed  over  them  by  silk  sutures. 

The  success  of  the  operation  dei)ends  upon  the  accurate  dosage  of  the  tendon- 
resection  ;  the  resected  piece  should  measure  exactly  as  many  millimeters  as  the  vertical 
diameter  of  the  palpebral  aperture  of  the  affected  eye  is  smaller  than  that  of  the  normal 
eye. 

Operation  of  Ptosis  Adiposa  or  Atonica. — In  tliis  affection  the  lid 
shows  neither  any  superabundance  of  adi]X)se  tissue  nor  any  imperfect  action 

of  the  levator  muscle  ;  but  tlie  skin  has  lost  its 
connection  with  the  aponeurosis  and  tlie  upper 
border  of  tlie  tarsus,  and  therefore  is  not  drawn 
back  with  the  tarsus  when  the  lid  is  opened,  but 
fdls  down  over  the  lid-border  like  a  heavy 
curtain  (Fig;.  366).  To  relieve  the  deformity 
by  cutting  aw^ay  this  skin-curtain  would  be  a 
Fig.  366.— Operation  for  ptosis  adiposa.   gravB  mistake,  bccause  it  would  Icave  the  skin 

so  short  that  the  lid  could  not  be  closed.  But 
the  deformity  can  be  perfectly  relieved  by  reattacliing  the  skin  to  the  upper 
border  of  the  tarsus  by  means  of  the  sutures  employed  in  the  author's  opera- 
tion for  entropion  (see  page  549). 


OPERATIONS  UPON  THE  CONJUNCTIVA,  CORNEA,  AND 
SCLERA;  ENUCLEATION  AND  EVISCERATION. 


By  CHARLES  W.  KOLLOCK,  M.  D., 

OF  CHARLESTON,  S.  C. 


Thi-;  conjunctiva,  being  a  liiglily  vascular  membrane,  heals  rapidly  after 
injury,  and  so  loosely  is  it  attached  to  the  eyeball  that  an  extensive  loss  may 
be  replaced  by  dissecting  it  from  the  ball  in  the  vicinity  of  a  wound  and 
drawing  the  flaps  together  by  sutures.  No  evil  effects  are  produced  by  this 
procedure,  and  in  many  cases  no  visible  cicatrix  remains.  With  the  con- 
junctiva of  the  lids,  however,  less  liberty  can  be  taken,  for  a  loss  of  the 
covering  in  this  part  may  result  in  entropion,  or  perhaps  a  narrowing  of  the 
palpebral  fissure.  Large  wounds  of  the  conjunctiva,  after  thorough  cleansing, 
should  be  closed  by  sutures,  and  require  but  little  after-treatment  beyond 
cleanliness  and  protection  by  closing  the  lid. 

Foreign  bodies  that  pass  through  the  conjunctiva  are  often  difficult  to 
remove  on  account  of  their  entanglement  in  its  meshes,  and  when  a  sharp 
instrument  is  used  in  the  attempt  to  remove  them  subconjunetival  liemorrhage 
generally  occurs  and  obscures  the  field  of  operation.  This  is  especially  the 
case  with  grains  of  powder.  The  easiest  method  of  dealing  with  such  cases 
is  to  seize  the  body  with  forceps  through  the  conjunctiva  and  snip  off'  the 
entangling  part,  which  causes  but  a  small  loss  of  tissue,  and  the  Avound  heals 
without  leaving  a  scar.  Grains  of  powder  may  be  removed  in  this  way  when 
not  too  numerous ;  otherwise  by  electrolysis:,  as  advised  by  E.  Jackson  (see 
also  page  368). 

Operations  for  Pterygium. — The  instruments  used  in  tliese  operations 
are  a  stop-speculum,  fixation-  and  dissecting-forceps,  sharp-pointed  knife, 
small  scissors,  strabismus-hook  or  probe,  needles,  needle-holder,  sutures,  etc. 

Operation. — The  anesthesia  produced  by  cocain  is  sufficient  for  tliis  operation,  which 
is  performed  as  follows  :  (1 )  Thorough  removal  of  tlie  corneal  portion  of  the  growth  may 
be  accomplished  by  sliavirigor  dissecting  it  away  with  a  sharp  ]<:nife,  and  then  scraping 
(Deschamps)  off  the  remnants  carefully,  or  by  destroying  them  with  the  thermo-cautery 
or  by  the  application  of  pure  carbolic  acid  (Alt).  The  method  advised  by  Prince  is  also 
effective,  and  consists  in  grasping  the  growth  with  forceps  near  the  corneal  attachment, 
and  by  a  series  of  slight  jerks  its  roots  or  i)rolongations  are  withdrawn  from  beneath 
Bowman's  membrane  and  even  from  between  the  corneal  layers.  No  opacity  remains 
when  this  is  carefully  done,  nor  does  the  cornea  become  inflamed.  Next  to  divulsion, 
the  method  of  scraping  the  remnants  from  the  cornea  with  a  knife  is  preferable  to  the 
use  of  the  cautery,  as  it  is  difficult  to  limit  the  action  of  the  latter  agent. 

The  next  step  is  the  disposition  of  the  body  of  the  growth.  It  may  be  separated  at 
its  borders  from  the  conjunctiva  proper  as  far  back  as  the  caruncle,  and  then  cxcmd ;  or 
it  may  be  trdmplaiifed  beneath  the  conjunctiva,  loosened  for  this  purpose  either  above 
or  below,  and  fixed  in  its  new  position  by  a  suture  passing  through  the  growth  and  its 
conjunctiva  ;  or  it  n)ay  be  split  from  apex  to  base,  and  one-half  transplanted  above  and 
the  other  below  the  opening,  as  advised  by  Knapp. 

Others  (Boeckmann,  Hotz)  advise  unfolding  and  spreading  out  the  growth  after 
separating  it  from  the  cornea,  first  removing  all  subconjunctival  tissue;  which  is  a  most 
important  step  in  any  procedure.  Boeckmann  fastens  the  reposed  conjunctiva  (pteryg- 
ium) to  tlie  head  of  the  internal  rectus  muscle  by  a  suture,  and  leaves  the  small  tri- 
36  661 
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Fig.  367.— Showing  position  of  graft, 
narrower  than  wound,  but  long  enough 
to  reach  across  it. 


angular  and  denuded  space  near  the  cornea  to  lieal  by  cicatrization,  which,  he  contends, 
will  prove  an  effectual  barrier  to  a  future  growth.    Hotz,  after  reposition,  covers  the 

denuded  sjiot  with  a  graft  taken,  after  the  method 
of  Thiersch,  IVom  the  inner  surface  of  the  fore- 
arm or  from  behind  the  ear.  This  graft  is  cut 
slightly  smaller  than  the  area  to  be  covered,  and 
is  placed  in  ])ositi()n  with  or  without  sutures 
according  to  circumstances. 

Hobbs  and  others  advise  removal  by  means 
of  the  electro-cauterij.  The  growth  is  grasped  by 
forceps  near  the  cornea  and  lifted  from  the 
sclera ;  a  curved  needle  or  probe  is  passed 
beneath  it,  and  then  the  neck  is  burned  through 
with  the  cautery-tip  at  a  cherry-red  heat.  The 
subconjunctival  tissue  is  drawn  out  and  excised, 
and  the  corneal  end  is  scra])ed  away  or  touched 
by  the  cautery.    A  cross-stitch  unites  the  conjunctiva  near  the  cornea. 

In  all  cases  of  removal  or  transplantation  of  the  growth  the  conjunctiva  should  be 
loosened  above  and  below  and  tiie  edges  closely  united  by  sutures. 

Dressinfi. — After  thorough  cleansing  with  warm  bichlorid  or  boric-acid  solution  the 
eye  is  closed  with  sterilized  gauze  and  cotton,  which  are  held  in  place  by  any  form  of 
light  bandage  or  by  adhesive  strips.  The  dressing  may  be  renewed  every  day,  and 
sutures  should  remain  as  long  as  they  do  not  irritate,  wiiich  is  usually  four  to  five  days. 
When  removing  sutures  it  is  advantageous  to  have  the  eye  under  the  influence  of  cocain, 
for  a  sudden  movement  may  cause  the  edges  of  the  wound  to  separate.  The  simple 
introduction  of  the  speculum  may  also  cause  this  accident,  so  that  whenever  possible  it 
is  safer  to  have  the  lids  held  apart  by  the  fingers  of  an  assistant  or  even  by  the  patient 
if  he  is  not  too  nervous.  After  the  removal  of  the  sutures  the  dressing  may  be  left  off, 
and  the  eye,  which  is  often  quite  sensitive,  protected  by  tinted  glasses. 

Complications  are  rare  after  this  o]3eration.  Ulceration  of  tlie  cornea 
lias  occurred,  and  should  l)e  treated  by  the  usual  methods.  Occasionally  a 
small  (growth  of  granulation-material  springs  from  the  ^vound,  but  it  is  easily 
snip})ed  off  with  scissors  or  it  may  be  contracted  by  astringent  solutions. 
When  the  growth  has  extended  well  over  the  cornea  a  hazy  spot  is  apt  to 
remain  after  its  retnoval.  Pterygium  often  returns,  and  may,  under  ordinary 
circumstances,  be  again  removed. 

Symblepharon. — In.stmments  necessary  for  the  ojieration  are — stop- 


FiG.  368.— Tealc's  operation  for  symblepharon. 


speculiun,  vulcanite  spatula,  fixation-  and  dissecting-forceps,  probe,  scissors, 
sutures,  needles,  needle-holder,  etc. 

For  the  simpler  operations  cocain  may  be  used,  but  when  the  adhesions 
are  extensive  ether  or  chloroform  is  more  satisfiictorv. 

Operations. — The  slight  forms  of  symblepharon  known  as  symblepharon 
anterins  are  easily  cured  by  separating  the  attachment  and  preventing  its 
recurrence  by  the  frequent  passage  of  a  probe  between  the  points.  Pooley 
and  Searles  each  report  a  case  in  which  the  formation  of  symblepharon  was 
prevented  by  using  a  glass  or  rubber  shield  which  fitted  over  the  globe 
between  tlie  lids,  and  which  was  left  in  place,  except  during  short  intervals 
for  cleansing,  until  healing  took  place. 
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There  are  several  methods  of  operating  when  adhesions  are  extensive  and 
involve  the  fornix  {symblcpharoti  posterias),    Symblepharon  is  often  incurable. 

(1)  The  lid  is  separated  from  the  ball  and  the  dissection  is  carried  well  back  to  tlie 
fornix  (Arlt).  A  suture  armed  with  two  needles  is  passed  through  the  separated  end  ; 
the  needles  are  then  passed  from  the  bottom  of  the  cul-de-sac  through  the  lid  to  the 
cheek.  Tightening  the  suture  draws  the  flap  down  and  brings  the  conjunctival  surface 
next  to  the  raw  surface  of  the  ball.  The  ends  of  the  suture  are  tied  over  a  piece  of 
cork  or  drainage-tube. 

(2)  Tea/e's  Operation. — Sliding  flaps  from  the  adjacent  conjunctiva  are  brought  over 
the  denuded  portions  and  sutured  in  position  (Noyes  and  Teale).  The  operation  is 
readily  comprehended  by  attention  to  the  accompanying  illustrations  (Fig.  368). 

(3)  Riverdin  covers  denuded  surfaces  with  small  pieces  of  mucous  membrane  taken 
from  the  mouth. 

(4)  Harlan  has  devised  the  following  operation  where  there  is  extensive  adhesion 
to  the  lower  lid :  The  adhesion  is  freely  dissected  until  the  upward  movement  of  the 
ball  is  entirely  unimpaired,  and  an  external  incision,  represented  at  AB  in  the  accom- 
panying cut,  along  the  margin  of  the  orbit  is  carried  through  the  whole  thickness  of  the 
lid,  which  is  thus  separated  from  its  connections 

except  at  the  extremity.  A  thin  flap,  CD,  is  then 
formed  from  the  skin  below  the  lid,  care  being  taken 
to  leave  it  attached  at  its  base-line  by  the  tissue  just 
beneath  AB,  as  well  as  at  the  extremities.  On  this 
attachment  it  is  turned  upward  as  on  a  hinge,  bring- 
ing its  raw  surface  in  contact  with  the  inner  surface 
of  the  lid,  and  its  sound  surface  presenting  toward 
the  ball,  and  held  in  this  position  by  suturing  its 
edge  to  the  margin  of  the  lid.  In  dissecting  up  the 
flap  the  incisions  are  carried  more  deeply  into  the  Fig.  369.— Lines  of  incision  in  Harlan's 
orbicularis  muscle  when  the  base-line        is  nearly  operation  for  symblepharon. 

reached,  to  enable  it  to  turn  more  readily.    The  bare 

space  left  by  the  removal  of  the  strip  of  skin  is  nearly  covered  without  strain  by  mak- 
ing a  small  horizontal  incision,  BE,  at  its  outer  extremity  and  forming  a  sliding  flap 
(Fig.  369). 

(5)  For  very  extensive  adhesions  an  opening  may  be  made  below  the  attachment 
and  a  piece  of  lead  wire  inserted,  which  is  left  until  a  fistulous  opening  is  formed,  when 
one  of  the  above  operations  may  be  performed  (Himly). 

(6)  Large  raw  surfaces  from  extensive  adhesions  may  also  be  covered  by  skin-grafts 
after  Thiersch's  method  (Hotz). 

Dressings. — After  minor  operations  it  is  suflScient  to  bandage  the  eye,  and  it  should 
be  kept  closed  until  the  sutures  are  removed.  After  transplantations  the  eye  should 
not  be  disturbed  for  three  or  four  days,  unless  there  are  signs  of  irritation,  and  both 
eyes  should  be  bandaged. 

Complications  are  due  to  the  failure  of  grafts  to  unite  and  to  renewal 
of  adiiesions. 

Si/mbkpharon  posferius  due  to  trachoma  is  scarcely  amenable  to  surgical  treatment. 

Transplantation  of  Rabbit's  Conjunctiva. — Wolfe  first  suggested 
this  mode  of  dealing  witii  extensive  adiiesions  between  the  lid  and  eyeball, 
and  several  operators  have  performed  tlie  operation  with  beneficial  and  even 
surprising  results.   General  anesthesia  is  necessary,  as  the  operation  is  tedious. 

The  eye  and  appendages  are  cleansed  and  the  adhesions  are  divided.  Bleeding  is 
controlled  by  pledgets  of  absorbent  cotton  saturated  with  hot  water  and  placed  in  the 
cul-de-sac.  Two  rabbits  are  anesthetized,  in  case  any  accident  should  hapi)en  to  one. 
The  size  of  the  graft  having  been  calculated,  four  sutures  are  introduced  at  its  corners 
before  it  is  separated,  because  after  removal  it  rolls  upon  itself  and  it  is  rather  diflicult 
to  recognize  the  proper  surface.  The  graft  having  been  separated,  it  is  rapidly  trans- 
ferred to  the  denuded  area  and  carefully  stitched  in  position. 

Ankyloblepharon  is  readily  relieved  when  the  edges  of  tlie  lids  only 
are  united,  but  when  the  adhesions  involve  the  ball  also,  treatment  is  of  little 
avail. 

Operations  for  Trachoma. — Expression  of  trachomatous  bodies  is 
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performed  in  various  ways  by  different  surgeons  and  according  to  the  gravity 
and  tluration  of  the  case.    The  roller-force^js  devised  by  Knapp  (Fig.  370) 


i'  lci.  o7U.— Knapp's  roUcr-furccps. 


and  the  modifications  of  this  instrument  liave  aided  very  much  in  the 
thorough  performance  of  tliis  operation. 

\\'iiere  follicles  are  discrete,  as  in  follicular  disease,  they  are  easily 
expressed   between  the   thumb-nails,  or  preferably  by  dissecting-forceps. 


Fig.  371.— Kuycs's  trachoma-forceps. 


General  anesthesia  is  desirable  for  the  surgical  treatment  of  trachoma, 
though  there  are  tho.se  who  prefer  to  operate  under  the  influence  of  cocain. 

Operation  of  Expression. — The  lid  is  grasped  with  forcep.s  near  the  ciliary  border 
and  rolled  upon  itself  until  the  conjunctival  surface  is  well  exposed.  The  roller- forceps 
are  then  used  as  follows  :  one  blade  is  pushed  well  up  into  the  retrotarsal  folds  while 
the  other  is  placed  near  the  ciliary  edge.  The  morbid  material  in  the  conjunctiva  is 
then  thoroughly  expressed  by  a  milking  process,  each  portion  being  subjected  to  the 
squeezing.  The  retrotar.sal  folds  may  be  treated  separately  by  still  I'urther  everting  the 
lid  and  drawing  them  out.  When  the  conjunctiva  near  the  edge  of  the  lid  is  to  be 
expressed,  one  blade  should  be  placed  upon  the  cutaneous  surface.  The  surgeon  should 
wear  protecting  glasses,  as  the  expressed  material  often  flies  out  suddenly  and  to  a  con- 
siderable distance. 

After-treatment. — After  careful  cleansing  with  warm  bichlorid  solution  iced  com- 
presses are  applied  to  the  lids  for  several  hours  to  prevent  pain  and  swelling.  The  con- 
junctiva is  not  as  much  mutilated  as  might  be  expected  by  this  rough  handling,  and  but 
little  reaction  follows.  Adhesions  are  very  apt  to  form,  and  should  be  broken  down  by 
the  daily  passage  of  a  probe  through  the  cul-de-sac.  The  subsequent  treatment  of  the  case 
requires  the  application  of  a  solution  of  nitrate  of  silver  (gr.  v-f5j),  and  later  that  of  a 
crystal  of  sulphate  of  copper. 

George  Lindsay  Johnson  has  described  the  following  operation  for 
trachoma : 

The  lid  is  everted  over  a  vulcanite  spatula  and  held  tense  in  this  position  by  a 
double  hook  inserted  near  its  edge.  With  a  tri-bladed  scalpel  the  conjunctiva  is  incised 
parallel  to  the  free  border  of  the  lid  from  end  to  end.    The  instrument  is  then  moved 


Fig.  372.— Three-bladed  scarifier. 


80  that  the  last  blade  shall  pass  through  the  foremost  cut,  and  so  on  until  the  entire  sur- 
face has  been  incised.  The  thicker  the  lid  the  deeper  the  cuts,  and  vice  versa.  Bleed- 
ing is  controlled  by  cotton  compresses  saturated  with  hot  water.  An  e/ecfrolizer,  con- 
nected with  a  Stohrer's  battery  of  twenty  cells  and  having  two  platinum  blades,  is'  next 
used.    The  blades  pass  through  the  incisions  made  by  the  scalpel.    About  thirty  milli- 
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amperes  are  used,  and  a  thick  foamy  cream  at  once  arises  about  the  bhides.  Strong 
currents  should  be  avoided.  The  lids  are  then  washed,  sprinkled  with  a  5  per  cent, 
solution  of  cocain,  dusted  with  calomel,  and  smeared  with  an  ointment  of  hydronaphthol 
and  vaselin,  1  to  800.  Inflammation  and  swellino-  are  controlled  by  iced  compresses. 
There  is  considerable  discharge  and  sloughing  for  forty-eight  hours.  Care  should  be 
taken  not  to  injure  the  cornea. 

The  after-treatment  consists  in  using  boric-acid  wash  and  the  ointment  of  beta-- 
naphthol  and  vaselin.    No  entropion  or  ectropion  has  resulted. 

Gmttage  is  an  operation  recommended  for  traclioma  hy  Ahadie,  Darier, 
and  other  French  surgeon.^.  As  tlie  operation  is  necessarily  (piite  painful, 
ether  or  cliloroform  should  be  used. 

Tlie  lid  is  everted  and  held  by  forceps  (Fig.  373),  as  in  the  operation  for  expression, 
and  the  conjunctiva  is  freely  incised  from  the  ciliary  border  to  the  fornix,  and  from  end 
to  end  of  the  lid,  by  the  tri-bladed  scarilicator  (Fig".  372)  or  a  similar  instrument.  The 


Fig.  373.— Forceps  for  grattage. 


incised  surface  is  next  thoroughly  scrubbed  with  a  nail-brush  that  has  been  saturated  in  a 
strong  solution  (1  :  500)  of  bichlorid  of  mercury.  By  this  proceeding  all  trachomatous 
material  is  washed  out,  and  the  lids  are  then  treated  by  cold  applications,  as  described 
on  page  5G4.    The  same  care  must  be  exercised  to  prevent  the  formation  of  adhesions. 

Excision  of  the  Cul-de-sac. — This  method  of  treatment  is  very  old,  but 
Galezowski  in  1874  brought  it  again  prominently  before  the  profession. 
Stephenson  also  advocates  its  performance  in  certain  cases,  and  reports  a 
number  of  successful  operations.    The  operation  advised  by  him  is  as  follows  : 

The  lid  is  everted,  and  two  moderately  strong  sutures  are  passed  through  the 
extremities  of  the  fold.  The  sutures  are  held  by  an  assistant,  who  by  tlieir  manipulation 
keeps  the  parts  "  on  the  stretch."  An  incision  is  now  made  along  the  attachment  of  the 
fornix  to  the  tarsal  conjunctiva  with  blunt-pointed  scissors,  but  should  never  go  beyond  the 
anterior  layer  of  the  fold.  This  layer  is  freed  from  its  attachments,  and  the  dissection  into 
the  subconjunctival  layer  is  carried  as  far  back  as  is  deemed  necessary.  The  operation 
is  completed  by  cutting  transversely  through  the  posterior  layer  of  the  cul-de-sac,  which 
comes  away  with  the  sutures.  Bleeding  is  often  profuse,  but  may  be  arrested  by  twist- 
ing the  vessels.  Sutures  are  never  employed  to  close  the  wound.  The  eye  is  cleansed 
and  closed,  and  is  not  inspected  for  five  or  six  days,  unless  complications  arise. 

Complications  are  of  two  kinds — viz.  wound-grnnulations  and  ptosis. 
The  former  should  be  snip))ed  off  with  scissors.  The  latter  may  be  due  to 
the  swelling  of  the  lid  wliicli  naturally  follows,  and  will  soon  disappear,  or  to 
interference  with  the  tarsal  insertion  of  the  levator  palpebra3  muscle. 
Stephenson  always  excises  the  u]i|>er  cul-de-sac,  as  it  is  more  difficult  to  reach 
for  treatment  than  tlie  lower,  and  never  advocates  the  operation  for  cases  that 
can  be  cured  by  other  means. 

Choice  of  an  Operation. — Expression  is  especially  valuable  in  cases  of 
spawn-like  granulations  and  diffuse  hyaline  infiltration.  It  may  be  used  in 
cicatricial  traclioma  with  patches  of  hyaline  infiltration.  Grattage  may  be 
emploved  in  cicatricial  trachoma  and  in  cases  characterized  by  sclerotic 
masses  of  trachomatous  tissue.  It  is  inferior  to  expression  preceded  by  scari- 
fication.   The  indications  for  excision  of  the  cul-de-sac  have  been  given. 
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Peritomy,  or  syndectomy,  is  performed  for  getting  rid  of  a  thick  pannus. 
A  narrow  strip  of  conjunctiva  2  to  4  mm.  in  widtli  is  removed  from  around 
the  cornea,  and  all  vessels  going  to  the  cornea  are  divided. 

Kenneth  Scott  proposes  a  substitute  for  peritomy,  as  he  believes  the  latter 
operation  is  rarely  a  success,  in  cases  of  vascular  cornea.  By  the  aid  of  a 
magnifying-glass  he  is  enabled  to  divide  with  a  Graefe  knife  every  vessel 
passing  to  the  cornea.  He  slits  them  throughout  their  entire  length,  which 
tlestroys  the  vessel  and  further  anastomosis  is  prevented. 

Subconjunctival  Injections  of  Germicides. — After  thorough  conjunctival  anti- 
sepsis and  aiiestiiesia  have  been  secured,  a  fold  of  conjunctiva  is  seized  with  a  pair  of 
forceps  about  8  nun.  from  the  corneal  niarjrin,and  the  \w\nt  of  a  liypoderniic  or  Pravaz 
syringe  charged  with  tlie  germicide  is  introduced,  very  much  in  the  same  manner  as 
when  an  ordinary  hypodermic  injection  is  given,  and  2  to  4  minims  of  the  fluid  are 
injected.  Tlie  strengtii  of  the  solution  varies  with  different  oj>erators.  Of  bichlorid 
1 :  2000  or  1 :  4000  may  be  employed.  Trichlorid  of  iodin  and  cyanuret  of  mercury  may 
be  used  in  the  same  way. 

Precisely  the  same  results  follow  similar  injections  of  jihysiologic  salt 
solution,  and  it  is  probable  that  all  of  these  injections  act  by  stimidating  the 
lymph-channels,  and  therefore  promoting  absorption.  They  act  favorably  at 
times  in  iritis,  irido-cyclitis,  scleritis,  and  corneal  idceration.  They  have  also 
been  recommended  in  diseases  of  the  retina  and  optic  nerve,  but  the  author 
doubts  their  value  under  these  circumstances, 

OPERATIONS  UPON  THE  CORNEA. 

Foreign  Bodies  in  the  Cornea.— Small  particles  of  du.st,  cinders, 
iron,  .steel,  emery,  stone,  etc.  frequently  adhere  to  or  become  partially  or 
wholly  imbedded  in  the  cornea. 

When  simply  adherent  to  the  corneal  surface  or  but  slightly  imbedded  the  foreign 
body  is  easily  wiped  off"  Avith  a  wisp  of  cotton  or  scraped  away  by  a  sharpened  match- 
stick  or  clean  wooden  toothpick.  Such  means  are  preferable  to  steel  instruments  in 
these  cases,  as  they  are  less  liable  to  injure  the  cornea.  When  the  body  is  more  firmly 
fixed,  however,  it  is  necessary  to  use  the  ordinary  steel  spud  or  cataract  needle  (Fig. 


Fig.  375.— Angular  lance-knife. 


Fig.  376.— Lance-knife. 

874).  Bodies  which  have  sunk  below  the  surface  are  bv  no  means  easy  to  extract,  for  a 
slight  pressure  suffices  to  force  them  into  the  interior  chamber. 


Fig.  377.— .Johnson's  magnet  for  removing  foreign  bodies  from  cornea. 


When,  therefore,  such  a  condition  exists,  a  small  lance-knife  (Figs.  375,  376)  should 
be  entered  beneath  the  body  to  prevent  its  going  nearer  the  chamber.   It  is  then  cut  down 
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upon  :ind  grasped  by  forceps  or  pushed  from  its  position  with  a  small  ])robe  or  spud. 
W.  B.  Johnson  has  devised  a  magnet  for  such  cases.     Cocain  anesthesia  is  sufHcient. 

After-treatment. — Especial  care  should  be  taken  in  the  after-treatment  of  these 
corneal  wounds,  for  it  not  infrequently  happens  that  poisonous  germs  are  introduced 
and  infectious  ulcers  follow,  causing  abscess  and  loss  of  vision  from  resulting  leukoma 
or  loss  of  the  entire  eye  from  panophthalmitis.  After  removal  of  the  body  the  wound 
and  eye  should  be  carefully  cleansed  with  an  aseptic  solution,  atropin  instilled,  and  the 
eye  closed  by  a  bandage  to  prevent  reinfection  from  the  air;  all  instruments  sliould  be 
carefully  sterilized. 

Removal  of  Gunpowder  Grains  from  the  Cornea. — E.  Jackson 
treats  these  cases  by  the  galvano-cautery,  as  foUows  : 

A  small  cautery-tip,  such  as  is  used  for  cauterizing  corneal  ulcers,  is  brought  to  a 
white  heat  and  the  imbetUled  powder-grains  are  touched  in  rapid  succession,  sufKcient 
time  being  allowed  for  destroying  tissue.  The  resulting  sears  are  not  worse  in  appear- 
ance than  the  stains.  When  possible  the  operation  should  be  done  early  and  before 
diffusion  of  the  carbon  takes  place  (see  page  368). 

Paracentesis  of  the  Cornea. — The  instruments  required  for  this 
operation  are  a  sto})-specuUHn  or  elevator,  tixation-forceps,  paracentesis- 
needle,  and  a  small  spatula. 

Operation. — The  anesthesia  of  cocain  is  sufficient,  except  with  children,  for  whom 
ether,  chloroform,  or  bromid  of  ethyl  should  be  used.  The  eye  is  fixed  by  grasping 
the  conjunctiva  with  the  forceps  as  near  the  point  to  be  opened  as  is  possible,  because 
by  this  means  the  eye  can  be  held  more  firmly,  the  opening  made  gradually,  and  a 
sudden  evacuation  of  the  aqueous  humor  prevented.    The  needle  is  entered  within  the 


Fig.  378.— Paracentesis-needle. 


corneo-scleral  border  at  right  angles  to  the  surface,  and  as  the  blade  is  pushed  onward 
the  handle  is  slightly  depressed  in  order  to  avoid  wounding  the  iris  and  lens-capsule. 
Next  the  needle  is  gently  withdrawn,  allowing  at  the  same  time  a  gradual  escape  of  the 
aqueous,  so  that  the  iris  shall  not  be  swept  into  or  against  the  wound.  Careful  cleans- 
ing, the  instillation  of  atropin  or  eserin,as  the  case  may  be,  and  a  light  bandage,  which 
should  be  worn  two  or  three  days,  generally  comprise  all  measures  needful  in  the  way 
of  treatment.    The  operation  may  be  repeated  when  necessary. 

Complications. — Prolapse  of  the  iris  into  the  wound  may  occur,  and  when 
it  cannot  be  replaced  with  the  spatida,  it  should  be  excised,  unless  the  prolapse 
is  very  small  or  the  iris  rests  against,  rather  than  falls  into,  the  incision. 

Curetting"  the  Cornea. — A  small  curette  or  spud  may  be  used  for  this 
operation,  which  is  done  for  indolent  or  spreading  ulcers. 

By  the  aid  of  a  curette  the  necrosed  tissue  is  carefully  scraped  from  the  sides  and 
bottom  of  the  ulcer,  after  which  the  ordinary  treatment  for  corneal  ulceration  is  fol- 
lowed.   De  Wecker  and  Santarnecchi  (Cairo)  advise  what  is  called  "  hi/draulic  curetting'* 
as  a  substitute  for  the  ordinary  methods  and  the  use  of  the 
cautery.     A  syringe  having  a  small  nozzle  is  filled  with  a 
solution  of  bichlorid  of  mercury  (1  :  1000),  which  is  then 
tlirown  in  a  steady  stream  upon  the  ulcer  and  gradually  washes 
away  the  necrosed  tissue.    Santarnecchi  claims  that  it  is  more 
thorough  and  less  dangerous  than  ordinary  curetting  and  the 
usfe  of  the  cautery,  as  injury  to  tlie  sound  tissues  is  much  less 
likely  to  occur. 

Application  of  the  Actual  Cautery. — For  this 
purpose  a  platinum-tipped  probe  of  the  galvano-cautery 
may  be  used. 

The  point,  having  been  brought  to  a  red  heat,  is  lightly 
applied  to  the  floor  and  sides  of  the  ulcer,  care  being  taken  not  to  perforate  the  anterior 
chamber.    The  area  to  be  cauterized  is  colored  green  by  dropping  upon  it  a  solution 
of  fluorescin  (see  page  145). 


I 


Fig.  379.- 


•Galvano-cautery 
points. 
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The  after-treatment  consists  in  the  use  of  atroi)in  and  mild  aseptic  washes,  such 
as  boric  acid  and  salt.  The  application  of  a  bandage  depends  upon  the  quantity  of  the 
discharge. 

Saemisch's  Section.— The  instruments  necessary  are  a  stop-speculum, 
fixation-forceps,  v.  Graefe  knife,  spatula,  and  perliaps  a  small  syringe. 

The  pupil  should  be  dilated  as  much  as  possible,  and  if  the  patient  is 
a  child  general  anesthesia  is  necessary.  The  eye  is  steadied  by  grasping  the  conjunctiva 
with  the  forceps  while  the  knife  is 'entered,  edge  out,  in  the  healthy  tissue  near  the 
ulcer.  The  point  is  iju.ssed  through  the  anterior  chamber  and  emerges  at  a  corre- 
sponding spot  beyond  the  ulcer,  when  the  intervening  corneal  tissue  is  cut  through, 
allowing  the  pus  and  aqueous  humor  to  escape. 

Sometimes  the  pus  is  caught  between  the  lips  of  the  wound,  but  is  easily  removed 
with  a  spatula  or  iris-i'orceps,  or  by  washing  out  the  chamber  with  any  specially  devised 
syringe  charged  with  normal  salt  solution.  The  iris  should  be  replaced  as  well  as  pos- 
sible, butsynechite  are  liki-ly  to  result. 

The  after-treatment  consists  in  cleanliness,  the  instillation  of  atropin,  and  the 
application  of  a  bandage  until  the  cornea  has  healed.  The  operation  may  be  repeated 
as  often  as  the  pus  re-forms. 

Complications  are  synecliiie  and  the  resulting  leukoma,  \vhicli  latter  is 
due  to  the  ulceration  rather  than  the  incision.  Panophthalmitis  and  entire 
destruction  of  the  cornea  may  result  if  tlie  ulceration  is  not  checked. 

Conical  Cornea ;  Staphyloma  Pellucidum. — There  are  various 
o))erations  for  this  deformity,  all  of  which  have  for  their  object  the  removal 
of  tlie  cone.  Von  Graefe  shaved  off  tlic  apex  of  the  cone  and  aj)plied  the 
solid  nitrate-of-silver  stick  to  the  wound,  which,  as  it  liealed,  caused  contrac- 
tion and  diminution  of  the  cone.  Bowman  accomplished  tlie  same  result  by 
means  of  a  trepan,  and  Knajij)  has  devised  a  special  point  for  the  galvano- 
cautery,  with  whicli  the  cone  is  cauterized  as  deep  as  Descemet's  membrane, 
avoiding,  if  possible,  entrance  into  the  anterior  chamber  (Fig.  380). 


Fig.  380.— Knapp's  cautery-point  for  conical  cornea.  Fi<^-  381.— Tattooing-needle. 


After  liealing,  an  iridectomy  is  usually  necessary.  The  scar  left  by  the 
cautery  may  be  tattooed — a  procedure  which  not  only  improves  the  appear- 
ance of  the  eye,  but  also  the  vision,  by  excluding  unnecessary  light.  It  may 
be  necessary  to  repeat  the  operation,  which  is  ])referable  to  running  the  risk 
of  destroying  the  eye  by  attem])tiiig  too  mucli  at  first. 

Tattooing^ the  Cornea. — Tlie  instruments  required  area  stop-speculum, 
fixation-forceps,  and  tattooing-needle  (Fig.  381). 

0;)<'ra//o?(..— Thorough  anesthesia  of  the  cornea  is  essential  in  order  that  the  ink 
may  be  driven  well  into  its  layers.  The  India  ink  should  be  of  the  consistency  of  paste 
and  plontifully  ap])liod  to  the  leukoma,  as  it  soon  fades  when  thinner.  The  pigment 
is  then  pricked  into  the  cornea  over  the  area  to  be  covered,  after  which  the  excess  is 
washed  away  by  a  boric-acid  solution,  Atropin  is  next  instilled  and  a  light  bandage  is 
applied.  The  reaction  snl)sidcs  within  a  few  days,  and  the  operation  may  be  repeated 
if  necessary,  after  all  inflammation  has  disappeared.  Different  colored  inks  may  be 
used  to  match  the  varying  colors  of  the  irides.  Tattooing  is  also  useful  for  covering 
colobomata  whicli  admit  too  much  light  to  the  eye. 

Wounds  of  the  Cornea.— Incised  wounds  usually  heal  without  trouble, 
it  being  simply  necessary  to  cleanse  the  eye  carefully,  to  bring  the  lips 
of  the  Avound  accurately  together,  to  replace  the  iris  ^if  it  has  fallen  into 
the  wound,  and  to  apply  a  bandage.    Eserin  or  atropin  may  be  used  accord- 
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mg  to  the  position  of  the  wouikI.  If  the  prolapse  continues  and  cannot  be 
replaced,  it  should  he  excised.  J^arge  ga})ini;'  wounds,  whetlier  incised  or 
lacerated,  uiav  be  closed  with  sutures,  which  should  be  coniijosed  of  very  Hue 
silk. 

De  Wecker  has  advised  the  following  method  for  closing  and  protecting 
large  wounds  of  the  cornea  :  The  eonjunctiva  is  dissected  from  the  corneal 
limbus  and  beyond  the  attachments  of  the  recti  muscles.  suture  is  then 
passed  in  and  out  near  its  edge,  which,  when  tightened  like  a  string  at  the 
mouth  of  a  bag,  draws  the  conjunctiva  over  and  entirely  covers  the  cornea. 
It  should  remain  until  the  cornea  lias  healed,  when  it  may  be  dissected  loose. 
Adhesions  do  not  take  place,  except,  ])erha[)s,  in  the  line  of  the  wound,  and 
these  are  readily  freed. 

Von  Hipper  s  Operation  for  Transplanting  the  Cornea. — In 
cases  of  central  leukoma  von  Hip[)el  has  transplanted  a  gi'aft  from  the  cornea 
of  a  rabbit,  but  the  results  have  not  been  very  satisfactory,  because  the  trans- 
planted cornea  has  also  tinally  become  opa(pie.  He  restricted  the  operation 
TO  those  cases  where  the  entire  corneal  thickness  was  not  involved — in  other 
words,  where  the  leukoma  was  not  totally  adherent. 

Operation. — A  general  anesthetic  slionld  be  used  for  patient  and  rabbit.  The  eye 
having  been  prepared,  the  trepan  is  gauged  so  that  it  shall  not  enter  the  anterior  cham- 
ber. It  is  placed  accurately  over  the  center  of  the  cornea,  and  by  touching  the  spring 
the  cut  is  quickly  made.  The  plug  is  lifted  out  by  the  aid  of  special  forceps  and  cut  off 
with  a  Graefe  knife.  In  a  like  manner  the  plug  is  cut  from  the  rabbit's  eye  and  quickly 
transferred  to  the  patient's.  After  cleansing,  both  eyes  should  be  bandaged  and  the 
patient  kept  quiet  in  bed  for  a  few  days. 

Complications  may  be  ulceration  of  the  cornea  and  general  infection  of  the  eye. 

Operations  for  Closing  Scleral  Wounds. — Wounds  of  the  sclera 
are  connnon  near  tiie  corneal  border,  over  the  ciliary  body,  and  on  the  upper 
surface  of  the  ball.  Owing  to  the  frequent  involvement  of  the  ciliary  body, 
extreme  care  must  be  exercised  in  their  management. 

Small  punctured  wounds  require  no  s))ecial  care  beyond  the  usual  anti- 
septic precautions  ;  but  if  exposed,  they  should  be  covered  with  the  conjunctiva. 
Small  incised  and  lacerated  wounds,  when  inclined  to  gape  or  when  their  edges 
are  se[)arated  by  a  bead  of  vitreous  humor,  should  be  closed,  after  the  ])ro- 
lapsed  vitreous  has  been  excised,  with  small  animal  sutures  introduced  through 
the  outer  layers  in  order  to  avoid  wounding  the  inner  coats  of  the  eye.  The 
conjinictiva  is  to  be  sutured  over  the  scleral  wound  with  animal  or  silk 
sutures.  Large  sck'ral  wounds  may  at  times  be  ap])roximated  simply  by 
closing  the  conjunctiva  over  them,  but  it  is  probably  safer  to  suture  tlie  sclera 
to  avoid  the  danger  of  staj)hyl()ma.  Care  must  be  taken  that  the  ciliary  body 
and  choroid  are  not  imprisoned  in  the  wound.  The  subsequent  treatment 
requires  cleanliness  and  bandaging  until  healing  is  complete. 

Complications  arise  from  injuries  to  the  ciliary  body,  choroid,  and  retina, 
which  mav  cause  synijiathetic  opiithalmia  and  separation  of  the  retina.  Pro- 
lapse of  the  vitreous  interferes  with  healing. 

Sclerotomy. — The  instruments  for  this  operation  are  a  stop-speculum, 
fixation-forceps,  Graefe  knife,  and  sjiatula. 

Opernfion. — A  Graefe  knife  is  entered  in  the  sclera  about  1  rnni.  from  the  cornea, 
and,  passing  through  the  anterior  chamber,  emerges  at  a  corresponding  point  on  the 
opposite  side.  The  cut  is  made  upward  by  a  to-and-fro  motion,  as  in  the  operation  for 
removing  cataract,  until  a  narrow  bridge  is  left  connecting  the  sclera  with  the  cornea. 
The  knife  is  then  withdrawn  carefully  to  prevent,  if  possible,  the  prolapse  of  the  iris, 
which  is  apt  to  occur,  and  which  should  then  be  excised  (Fig.  382). 
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Fig.  382.— Lines  of  incision  in  sclerotomy. 


This  operation  is  not  as  effective  as  iridectomy,  and  Fuchs  says  should 
only  be  performed  under  the  following  conditions:    1.  Glaucoma  simj^iex, 

with  a  deep  anterior  chamber  and  without 
distinct  elevation  of  tension.  2.  Inflamma- 
tory glaucoma,  when  the  iris  through  atroj)hy 
has  become  so  narrow  that  one  cannot  liope 
to  perform  excision  of  the  iris  that  would  be 
according  to  rule.  3.  Hemorrhagic  glau- 
coma. 4.  Hydrophthalmos.  5.  Instead  of 
a  second  iridectomy  in  those  cases  of  glau- 
coma in  which  the  increase  of  tension  returns  in  sjiite  of  an  iridectomy  per- 
formed according  to  rule  (compare  with  page  578). 

Posterior  Sclerotomy. — The  incision  should  be  placed  so  as  not  to  wound  the  ocular 
muscles  or  endanger  the  ciliary  body,  and  should,  therefore,  not  approach  the  cornea 
nearer  than  G  or  7  mm.  The  cut  is  made  with  a  Graefe  knife  from  behind  forward,  so 
as  to  correspond  with  the  direction  of  the  scleral  fibers.  There  is  probably  less  danger 
from  infection  if  the  incision  in  the  sclera  is  not  directly  under  that  in  the  conjunctiva. 
When  it  is  desired  to  produce  a  fistulous  opening  the  incision  should  be  made  near  the 
equator,  as  healing  is  less  likely  to  take  place  here  than  farther  forward. 

Posterior  sclerotomy  is  indicated  in  cases  where  the  anterior  chamber  has 
been  obliterated  and  iridectomy  or  anterior  sclerotomy  cannot  be  performed, 
for  separation  of  the  retina,  for  staphyloma,  and  for  those  cases  in  wliich 
reduction  of  tension  is  indicated  and  other  operations  are  not  available.  In 
cases  of  corneal  staphyloma  it  may  be  necessary  to  repeat  the  operation  a 
number  of  times  before  satisfactory  results  are  obtained. 

Sclerectomy,  as  described  by  H.  Parinaud,  is  for  the  pur])ose  of  obtain- 
ing less  resistance  from  the  sclera,  more  efficacious  drainage,  and  the  forma- 
tion of  a  staphyloma  when  desired. 

Operation. — At  a  point  near  the  equator  a  curved  needle  is  plunged  into  the  exter- 
nal layers  of  the  sclera,  which  are  then  slightly  elevated.  With  a  Graefe  knife,  held 
parallel  to  the  needle,  a  flap  is  cut,  at  the  bottom  of  which  the  choroid  should  be  visible. 
It  is  advisable  not  to  cut  entirely  through  the  sclera,  though  this  may  be  punctured 
later  if  thought  necessary. 

Operations  for  Staphyloma.— Small  staphylomata  of  recent  formation 
may  frequently  be  cured  by  pressure  from  well-applied  bandages,  whicli 

should  be  ke})t  in  place  until  the  cornea 
has  regained  its  tonicity.  When  this 
proves  unsuccessful  an  iridectomy  may 
be  performed  at  or  near  the  point  of 
bulging  ;  after  this  the  eye  must  be 
bandaged  until  healing  is  complete  and 
the  ])arts  are  strong. 

A  staphyloma  involving  the  entire 
cornea  is  difficult  to  treat  successfully, 
and  many  methods  of  operating  have 
])een  devised.  Probably  the  most  ef- 
fective is  entire  excision  of  the  growth  ; 
though  the  safer,  but  more  tedious 
method,  which  sometimes  succeeds  ad- 
mirably, is  by  posterior  sclerotomy. 

For  the  operation  by  excision  the 
following  instruments  are  necessary  :  a 
stop-speculum,  fixation-forceps,  Beer's  knife,  scissors,  needles,  and  sutures 
Ether  or  chloroform  should  be  administered. 


Fig.  383.— De  Wecker's  opera,tion  for  staphyloma. 


ENUCLEATION  OF  THE  EYEBALL. 
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De  Wecker  and  Critchett  both,  after  having  inserted  needles  or  sutures 
through  the  base  of  tiie  staphyloma  to  prevent  loss  of  vitreous,  excise  the 
staphyloma  with  the  knife  and  scissors  and  allow  the  lens  to  escape.  De 
Wecker  closes  the  wound  by  drawing  the  conjunctiva  together  over  it,  while 
Critchett  passes  the  sutures  tlu-ough  tiie  sclera  and  draws  its  edges  accurately 
together.  The  conjunctiva  is  then  closed  over  the  scleral  wound.  Reference 
to  the  figures  will  make  the  steps  of  these  operations  evi<lent,  which  are  not 
now  much  practised,  as  evisceration  with  insertion  of  artificial  vitreous  is 
preferable  (Figs.  38-3-385). 

After-treatment. — The  eye  is  dressed  and  kept  closed  for  several  days 
unless  there  are  symptoms  of  infiannnation.    Healing  is  slow. 

Complications. — Wounding  the  ciliary  body  may  cause  sympathetic 
ophthalmia,  and  a  general  infection  may  be  followed  by  panophthalmitis. 


Fig.  384.— Critchett's  operation  for  staphyloma.  Fig.  385.— Stump  after  Critchett's  operation  for 

staphyloma. 

Bnucleation  of  an  Byeball. — Most  operators  prefer  general  anesthesia 
for  this  operation,  but  there  are  a  few  who  advise  cocain.    J.  J.  Chisolm 


Fig.  386.— Enucleation-scissors. 


spt-aks  highly  of  bromid  of  ethyl.  The  instruments  required  are  a  stop- 
speculum,  fixation-  and  dissecting-forceps,  strabismus-hook,  and  enucleation- 
scissors  (Fig.  386). 

Operation — Bonnet's  Method. — The  conjunctiva  is  grasped  by  the  forceps  near  the 
cornea,  and  with  the  scissors  is  loosened  entirely  around  the  latter  and  as  near  to  it  as 
possible.  The  dissection  is  then  carried  well  back  in  every  direction.  The  recti  mus- 
cles are  next  caught  up  separately  by  a  strabismus-hook  and  their  tendons  divided 
close  to  the  ball.  The  scissors  are  now  pressed  close  to  the  ball  and  dissect  it  from  the 
orbital  tissues  on  every  side.  The  enucleation-scissors  are  then  passed  well  back  into 
the  orbit  until  the  points  touch  the  optic  nerve,  when  they  are  separated  and  the  nerve 
is  severed  as  far  back  as  possible.  The  scissors  may  be  entered  from  tlie  nasal  or  tem- 
poral side.  Care  should  be  taken  not  to  divide  the  nerve  too  close  to  the  ball  or  the 
sclera  may  be  perforated. 

Vienna  3Iethod. — By  this  method  the  operation  is  much  more  quickly 
performed,  but  there  is  greater  loss  of  orbital  tissue,  which  prevents  the 
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accurate  fitting  of  an  artificial  eye.  This  operation,  however,  is  to  be  recom- 
mended when  for  any  reason  a  quick  manii)uhition  is  necessary. 

The  conjunctiva  is  oj)ened  near  the  outer  or  inner  margin  of  the  cornea  and  dis- 
sected away  "over  the  attaclinient  of  the  rectus  muscle,  which  is  caught  up  and  divided. 
The  scissors  are  then  passed  rapidly  around  the  ball,  dissecting  it  from  the  orbital 
tissues  until  the  nerve  is  reached  and  divided.  The  arms  of  the  speculum  are  opened 
and  pressed  back  to  force  the  ball  from  the  socket.  The  conjunctiva,  muscles,  and 
orbital  tissues  are  then  easily  divided  by  rotating  the  ball.  If  hemorrhage  is  profuse 
after  enucleation,  it  should  be  checked'  at  once  by  hot  water  to  prevent  the  orbital 
tissues  from  becoming  infiltrated.  Tlie  hot  water  is  best  applied  by  saturating  balls  of 
absorbent  cotton  and  forcing  them  into  the  orbit.  8ome  operators  suture  the  edges  of 
the  conjunctiva,  though  this  is  unnecessary. 

After  bleeding  has  ceased  the  orbit  should  be  flooded  with  hot  bichlorid  solution 
{1  :  5000).  A  i>iece  of  sterilized  gauze  is  placed  next  to  the  lids,  upon  this  a  good- 
sized  pad  of  absorbent  cotton  (sterilized),  and  over  these  a  roller  bandage  is  tightly 
applied,  care  being  taken  to  make  the  turns  from  below  upward,  so  that  the  compress 
shall  be  forced  into  the  orl)it. 

After-treatment. — When  possible  the  dressing  should  be  changed  a  few  hours 
after  its  application,  as  it  adds  much  to  the  comfort  of  the  patient.  The  eye  should  be 
dressed  every  day,  and  the  orbit  thoroughly  flooded  with  warm  bichlorid  solution.  Rest 
in  bed  for  two  or  three  days  after  the  operation  is  a  safe  plan  to  follow,  though  many 
surgeons  do  not  require  it.  After  three  or  four  days  the  roller  bandage  may  be  replaced 
by  a  lighter  form. 

Complications. — Secondary  hemorrhage  rarely  occurs,  and  may  be  controlled  by 
ap])lying  hot  water  and  tightening  the  bandage.  Cellulitis,  meningitis,  acute  mania, 
and  tetanus  have  followed  enucleation.  In  cases  of  cellulitis  and  meningitis  deep 
incisions  should  be  carried  to  the  back  of  the  orbit,  hot  applications  should  be  made  to 
the  lids,  and  a  free  evacuation  from  the  bowels  should  be  encouraged. 

Exenteration  or  Evisceration. — This  operation  sliould  under  no 
circumstances  be  performed  upon  an  eye  tliat  may  be  capable  of  causing 
sympathetic  ophtlialmitis,  and  is  therefore  applicable  to  but  a  few  cases.^ 


Fig.  .387.— Scoop  for  evisceration. 


The  instruments  required  are  a  stop-speculimi,  fixation -forceps,  Beer's 
knife,  small  scissors,  curette  or  scoop,  needles,  sutures,  etc. 

Operation— The  conjunctiva  having  been  dissected  to  the  equator  of  the  eyeball,  the 
cornea  is  excised  by  ])assing  a  Beer's  knife  through  the  corneo-scleral  juncture  from 
side  to  side  and  cutting  out  above,  then  reversing  the  knife  and  cutting  down,  or  after 
the  first  incision  with  the  knife  the  remaining  flap  is  removed  with  the  scissors.  The 
contents  of  the  globe  are  evacuated  and  the  inner  coats  scra))ed  away  with  scooj)  or 
curette.  Hemorrhage  is  controlled  by  hot  water  and  the  cavitv  cleansed  with  hot 
bichlorid  solution  (1  :  2000  or  3000).  It  is  very  essential  that  every  portion  of  the  con- 
tents should  be  thoroughly  removed  and  hemorrhage  completelv  controlled,  for  under 
these  conditions  healing,  which  is  necessarily  slow,  progresses  more  favorably.  Prince 
advises  cauterizing  the  scleral  cavity  with  95  per  cent,  carbolic  acid  to  relieve  pain  and 
to  hasten  healing.  The  edges  of  the  sclera  are  a]>proximated  accurately  with  catgut 
sutures,  and  the  conjunctiva  is  closed  with  silk  sutures. 

Dressings  and  the  aficr-ircatment  are  the  same  as  for  enucleation,  but  the  period  of 
recovery  is  more  protracted. 

Evisceration  of  the  Eyeball,  v^ith  Insertion  of  an  Artificial 
Vitreous  {Mule^'n  Operation).— Mr.  Mules  has  modified  the  operation  of 

'  \  !h?  opinion  of  the  Editor,  the  sphere  of  evisceration  is  by  no  means  so  limited 
although  if  in  a  case  of  sympathetic  ophthalmitis  or  irritation  already  developed  it  was  decided 
*o  remove  the  exciting  eye,  he  would  perform  enucleation. 
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eviscenition  by  the  introduction  of  a  glass  ball  into  the  cavity  of  the  sclera. 
In  general  terms  the  operation  is  perfornietl  in  the  same  manner  as  an  ordi- 
nary evisceration,  but  certain  special  precautions  require  to  be  noted. 

The  conjunctiva  having  been  dissected  from  the  corneo-scleral  attachment  in  all 
directions  to  the  equator  of  the  eyeball  without  disturbing  the  muscles,  evisceration  is 
performed,  after  abscission  of  the  cornea.  In  the  ordinary  manner,  A  perfectly  clean 
white  scleral  cavity  must  be  secured,  and  hemorrhage  absolutely  controlled  by  ])acklng 
the  cavity  with  sterilized  gauze  saturated  with  a  hot  solution  of  bichlorid  of  mercury, 
1 :  2000,  and  by  frequently  irrigating  it  with  a  tepid  solution  of  the  same  drug.  Some- 
times the  hemorrhage  is  more  readily  controlled  with  repeated  dry  packings  of  sterilized 
gauze  than  with  hot  solutions.  A  glass  sphere  (Fig.  389),  of  such  size  that  it  may  be  in- 
troduced within  the  scleral  cup  without  dltliculty,  is  selected, 
its  introduction  being  facilitated  by  slitting  the  sclera  verti- 
cally for  about  4  mm.  at  the  upper  and  lower  corneo-scleral 
margins.  The  introduction  of  the  sphere  is  further  facili- 
tated by  the  use  of  an  instrument  specially  devised  for  this 
purpose  (Fig.  388).  The  concluding  steps"  of  the  operation 
consist  in  stitching  the  sclera  vertically,  the  conjunctiva 
horizontally,  dusting  iodoform  within  the  socket,  and  apply- 
ing a  full  antiseptic  dressing.  Indeed,  the  greatest  care 
should  be  exercised  to  secure  absolute  antlsei)sis  during  the 
operation  and  at  the  subsequent  dressings. 

After-treatment. — The  patient  should  be  confined  to 
bed  for  at  least  three  days,  and  both  eyes  should  be  band- 


FiG,  388. — Instrument  for  introducing  the  glass  sphere. 


Fi(i.  389.— Glass  balls  for  intro- 
duction into  scleral  cup  after  evis- 
ceration. 


aged  for  forty-eight  hours.  At  the  end  of  this  time  there  may  be  a  dally  dressing, 
and  at  the  end  of  five  or  six  days,  or  at  most  at  the  end  of  a  week,  the  patient  may 
be  discharged  from  his  room.  Usually  an  artificial  eye  can  be  worn  at  the  expiration 
of  two  weeks. 

Complications. — Severe  reaction  occasionally  follows,  with  mark  edema 
of  the  lids  and  chemosis  of  the  conjunctiva.  The  chemotic  conjunctiva  may 
be  incised,  and  the  reaction  controlled  by  continuous  iced  compresses. 

Early  absorption  of  the  sutures,  if  catgut  is  used,  may  cause  the  scleral 
wound  to  sej)arate  and  the  glass  ball  to  extrude.  Should  this  happen,  the  ball 
mav  be  removed  and  the  operation  converted  into  an  ordinary  evisceration,  or 
a  still  smaller  ball  may  be  placed  in  position  and  the  scleral  wound  once  more 
closed  with  catgut  sutures. 

The  stum])  after  a  successful  Mules's  o])eration  is  so  superior  to  tliat  fur- 
nished by  any  other  method  that,  if  no  contraindication  exists,  there  should 
be  no  hesitancy  in  performing  this  operation  ;  for  even  if  the  accident  of 
extrusion  of  the  ball  should  take  place,  the  remaining  stump  is  far  preferable 
to  any  that  could  be  formed  after  an  ordinary  enucleation.  Tlie  danger  that 
the  glass  ball  may  be  broken  is  remote,  although  this  accident  has  happened. 

Other  Operations  for  Support  of  Artificial  Bye. — Claiborne  and 
Belt  advise  spmir/c-f/ raffing  in  the  orbit  for  the  sup])ort  of  an  artificial  eye. 
After  removal  of  the  eye  a  globe  of  sponge,  about  three-fourths  the  size  of 
the  eyeball,  is  inserted  into  the  .socket  or  Tenon's  capsule.  The  recti  muscles 
are  then  united  over  it  and  the  conjunctiva  over  all.    Suker  prepares  the 
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stump  for  an  artificial  eye  by  suturing  the  recti  muscles  together  with  catgut 
and  the  conjunctiva  with  silk. 

L.  AV.  Fox  describes  an  operation  for  implanting  a  glass  ball  in  an  orbit 
from  which  the  globe  has  been  enucleated  at  some  previous  date.  A  hori- 
zontal incision  is  made  through  the  conjunctiva  and  tissues  of  the  orbit,  which 
should  be  sliglitly  less  tlian  the  dianieter  of  the  ball  to  be  inserted.  The 
upj)er  lip  of  the  conjunctival  wound  is  raised  and  dissected  away  by  sharp 
scissors  until  a  pouch  is  made  for  the  ball,  which  is  inserted  after  bleeding  is 
controlled,  and  tlic  opening  closed  by  sutures.  This  operation  is  practically 
identical  with  tlic  suggestion  of  Frost  and  Lang  to  introduce  a  Mules's  sphere 
into  Tenon's  capsule  after  ordinary  enucleation,  and  close  the  muscles  and 
conjunctiva  over  it  in  the  usual  way. 

Optico-ciliary  Neurectomy. — This  operation,  like  evisceration,  was 
proposed  as  a  substitute  for  enucleation,  but  has  not,  for  two  reasons,  tilled 
the  })lace  to  which  it  was  assigned  :  ].  It  does  not  replace  enucleation,  because 
the  danger  of  infection  from  sucli  an  eye  is  by  no  means  prevented,  as  cases 
of  sympatlietic  ophthalmia  have  occurred  after  its  performance.  2.  The 
operation  is  rather  difficult  to  perform,  and  has  been  followed  by  softening 
and  atrophy  of  the  globe. 

Operation. — An  opening  is  made  between  the  superior  and  external  recti  muscles, 
and  the  scissors,  pressed  close  to  the  ball,  divide  the  tissues  until  the  optic  nerve  is 
found.  This  is  caught  by  a  strabismus-hooic  as  far  back  as  possible  and  divided.  The 
optical  end  is  then  seized  by  forceps  or  hook  and  drawn  to  the  opening.  The  nerve  and 
all  surrounding  tissues  are  then  cut  close  to  the  ball.  There  is  considerable  hemorrhage, 
and  it  is  difficult  to  replace  the  ball.  There  is  some  prominence  of  the  ball  for  a  time, 
but  it  usually  resumes  its  normal  position  after  a  shorter  or  longer  period. 

After-treatment  consists  in  cleanliness  and  bandaging  the  eye  until  healing  is 
coni[)lete. 

Complications. — Abscess  of  the  orbit  and  meningitis  may  follow  from 
infection  during  the  operation. 


OPERATIONS  ON  THE  IRIS  AND  THE  CRYSTALLINE 

BODY. 

By  HERMAN  KNAPP,  M.  D., 

OF  NEW  YOKK. 

General  Precautions.— The  patient  should  be  free  from  acute  disease 
and  from  exacerbations  of  chronic  general  disease.  The  time  of  the  year 
makes  a  ditference  only  in  so  far  as  constitutional  infirmities  are  influenced 
by  it;  for  instance,  fat  ])ersons  should  avoid  the  hot  season,  patients  with 
pulmonary  and  kidney  disease  the  coldest  winter  months,  etc.  Cleanliness 
of  the  skin  and  hair,  as  well  as  regularity  of  the  bowels,  should  receive  due 
attention. 

The  o})erations  on  the  iris  and  lens  can  be  most  conveniently  ])erformed 
on  an  operative  chair,  which  can  be  moved  (on  casters),  so  that  the  best 
illumination  of  the  eye,  cither  by  day  or  by  artificial  light,  can  be  readily 
secured  and  disturbing  reflexes  avoided.  For  cataract-extraction  it  is  of 
advantage  to  operate  on  the  patient  in  his  bed,  if  the  bed  can  be  moved  to 
the  source  of  light,  because  the  patient  will  not  be  disturbed  by  taking  him 
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from  the  chair  to  his  bed.  This  advantage  is  counterbalanced  by  the  greater 
«ase  tlie  surgeon  and  his  assistant  enjoy  when  the  patient  is  placed  upon 
2l  chair. 

The  patient  should  keep  as  quiet  as  he  can  during  the  first  twenty-four 
hours  after  the  operation,  for  quietness  is  an  important  factor  in  obtaining 
primary  union  of  the  wound.  He  may,  however,  sit  up  in  'oed  for  his  meals 
and  get  up  for  calls  of  nature.  In  case  he  is  not  nervous  and  his  attendance 
good,  the  degree  of  success  of  the  operation  will  be  greater  if  for  one  or 
.several  days  both  eyes  are  bandaged  ;  otherwise,  the  non-operated  eye  may 
be  covered  with  a  patch  which  the  patient  occasionally  may  raise. 

No  septic  condition  should  be  present  in  any  organ  of  the  patient  at  the 
time  of  the  operation  ;  in  particular,  the  conjunctiva  and  the  lachrymal  sac 
must  be  free  from  suppuration.  Clu'onic  non-suppurative  disease  of  these 
parts  is  no  absolute  counter-indication. 

The  operations  should  be  done  under  aseptic  conditions  as  perfect  as  we 
<jan  have  and  make  tiiem.  Immediately  before  the  operation  the  eye  and  its 
surroundings  are  washed  with  soap,  then  with  a  1  :  5000  solution  of  corrosive 
sublimate,  with  which  also  the  edges  and  mucous  surfaces  of  the  everted  eye- 
lids are  washed  by  means  of  pledgets  of  absorbent  cotton. 

Cocain-anesthesia  is  sufficient  and  preferable  in  most  cases  ;  only  in  chil- 
dren, nervous  and  unruly  adults,  and  in  cases  of  high  eyeball  tension,  com- 
l^lete  general  anesthesia  should  be  administered. 

Besides  a  nurse,  the  operator  should  have  at  his  disposal  two  or  three 
trained  assistants — one  to  take  charge  of  the  instruments,  the  second  to  hold 


Fig.  390.— Eye-speculum. 


the  fixing-forceps  and  cleanse  the  wound,  the  third  to  throw  day  or  artificial 
light  on  the  eye  with  a  hand-lens,  which  is  indispensable  in  at  least  60  per 
cent,  of  the  operations. 

The  eyelids  are  kept  open  by  a  um-e  speculum  that  does  not  press  on  the 
eyeball,  and  is  strong  enough  to  prevent  the  spasmodic  closure  of  the  lids. 

The  eyeball  is  steadied  with  fixing-forceps,  the  teeth  of  which  are 
numerous  and  large  enough  to  be  firmly  inserted  into  the  episclera.  They 


Fig.  391.— Fixing-forceps. 

are  provided  with  a  catch  that  closes  them  fast,  yet  can  be  opened  without 
a  jerk. 

OPERATIONS  ON  THE  IRIS. 

I.  Iridectomy — /.  e.  Excision  of  a  Piece  of  the  Iris. — Its  indications 
are  twofold. 

1 .  To  Make  a  New  Passage  for  the  Rays  of  Light. — Artificial  or 
Optical  Pupil. — This  is  done — 
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(«)  When  tlie  natural  pupil  is  more  or  less  occluded  bv  malformation  or 

(6)  the  axial  portions  of  cornea  or  lens—/,  e.  those  situated  right 

before  or  behind  the  pupil— are  so  opaque  or  misshaped  as  to  intercept  the 
ravs  of  light  or  cast  on  the  retina  a  less  defined  image  than  would  be  formed 
bv  light  passing  through  a  peripheric  portion  of  the  cornea  and  lens.  This 
is  the  case  in  closure  of  the  pupil,  and  opacities,  or  abnormities  of  curva- 
ture in  the  center  of  the  surfaces  of  the  cornea  and  lens  (keratoconus  and 
lenticonus).  An  artiHcial  pupil  should,  however,  never  be  made  before  an 
examination  with  a  stenopeic  apparatus  bv  dilated  pupil  has  positively 
demonstrated  that  the  new  pui)il  will  alibrd  better  sight  than  the  old.  This 
precaution  applies  j)articuhirly  to  macuhe  corneae. 

2.  To  Relieve  and  Cure  Inflammations  of  the  Bye  and  their  Sequels. 
— Antiphlogistic  or  Curative  Pupil. — This  is  done — 

{a)  In  chronic  recurrent  iritis,  when  broad  or  circular  synechia?  impede  or 
prevent  the  current  of  the  aqueous  humor  from  the  })ostcrior  to  the  anterior 
ciiamber.  The  strongest  indication  for  an  iridectomy  is  furnished  by  the  so- 
called  crater-shaped  pupil,  which  when  left  alone  will  not  only  cause  blind- 
ness, but  the  ruin  of  the  eve  by  irido-cvclo-choroiditis,  and  mav  even  have  a 
prejudicial  effect  on  the  other  eye. 

(6)  In  all  affections  in  which  ]>rolonged  increase  of  eyeball  tension  is  a 
pronounced  symptom — /.  e.  in  prinmry  and  consecutive  glaucoma. 

(c)  To  remove  tumors  {cysts,  sarcomata,  etc.)  and  foreign  bodies  if  they 
are  located  in  the  anterior  part  of  the  eye,  and  cannot  be  removed  without 
sacrificing  a  piece  of  the  iris.  Foreign  bodies  in  the  iris  formerly  were 
never  removed  without  excising  the  piece  in  which  they  lay  imbedded. 

{d)  As  a  step  in  ripening  imm(dure  cataract,  and  as  a  preliminary  ojjcra- 
tion  for  siibsequeid  extraction  of  cataract  (see  later). 

(e)  To  remove  prolapses  of  the  iris  after  injuries  and  opej-ations.  A\'hen 
a  patient  consults  us  with  a  fresh  wound  through  wdiich  iris  protrudes,  it 
may  be  left  alone  if  the  lens  is  not  injured  and  the  wound  is  not  situated  in 
the  ciliarv  refrion  near  to  and  concentrically  with  the  border  of  the  cornea. 
In  prolapses,  which  happen  fre(iuently  after  cataract  extraction,  the  protruded 
iris  is  apt  to  swell,  become  cystic,  and  in  all  cases  produce  a  high  degree  of 
astigmatism.  In  such  instances  clean  removal  of  the  prolapse,  and,  if  the 
latter  is  not  fresh,  deep  excision  of  the  iris,  is  the  best  treatment.  Also  in 
recent  prolapses  of  the  iris  through  a  corneal  wound  a  clean  iridectomy,  if  it 
is  still  possible,  can  appropriately  be  done.  If  the  iris  cannot  be  disentan- 
gled from  the  wound  and  the  prolapse  is  let  alone,  we  f^'equently  sec  an 
undisturbed  recovery,  with  ]iermanently  good  sight,  follow  the  natural,  clean 
elimination  of  the  protruded  iris  by  a  process  of  constriction  of  the  base  and 
snaring  off  of  the  protruded  part. 


Fig.  392.— Lance-shaped  knife. 
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Fig.  393.— v.  Graefe's  knife. 


The  special  instruments  for  iridectomy  are — a  lance-shaped  (Fig.  392)  or 
a  small  (v.  Graefe)  cataract-knife  (Fig.  .393) ;  an  ordinary  iris-forceps,  curved 
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Fiu.  394.— C'urvod  iris-forceps. 
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Flu.  390.— Malhieu's  iris-rurcops. 


Fig.  39(5.— Curved  iris-scissors. 


Fiii.  397.— Grooved  spatula  and  probe. 


Fig.  398.- Tyrrell's  hook. 

(Fig.  394),  or  its  modification  by  Mathieii  (Fig.  395)  ;  a  pair  of  curved  (Fig. 
396)  or  straight  iri.s-scissors ;  a  metal  s]3atula  and  flexible  probe  (Fig.  397)  • 
a  blunt  hook  (Tyrrell's)  (Fig.  398). 

EXECUTION  OF  THE  OPERATION. 

1.  Opening  of  the  Anterior  Chamber. — Suppose  that  the  surgeon  has  to  perform 
an  upward  iritlectoiny,  the  most  frequent  case.  The  patient  is  reclining  on  the  operating- 
chair  near  a  window  or  an  Argand  gas-lamp.  An  assistant  throws  light  on  the  eye  with 
a  hand-lens.  The  operator,  standing  behind  the  head  of  the  patient,  separates  the  eyelids 
with  a  wire  speculum,  steadies  the  eyeball  with  the  fixing-forceps,  which  he  holds  "in  his 
right  hand,  the  thumb  near  the  button  of  the  catch,  the  second  and  third  fingers  on  the 
other  branch  of  the  forceps  opposite  the  catch.  With  the  lance-shaped  knife,  which  he 
holds  in  the  same  way  as  the  forceps,  he  makes  an  incision  in  the  upper  part  of  the 
cornea  at  or  near  its  transparent  margin  (the  linibus). 

The  point  of  the  lance,  applied  at  a  point  directly  opposite  to  the  implantation  of 
the  forceps,  is  thrust  through  the  cornea,  at  first  somewhat  perpendicularly,  then,  Avhen 
it  has  entered  the  anterior  chamber,  which  is  recognized  by  the  bright  luster  the  blade 
assumes,  it  is  pushed  forward  in  a  direction  parallel  to  the  plane  of  the  iris  as  deeply  as 
the  intended  size  of  the  incision  requires.  Now  it  is  withdrawn  slowly,  advancing  the 
point  toward  the  cornea  as  the  aqueous  escapes.  This  maneuver  should  be  executed 
with  a  steady  hand,  so  that  the  blade  of  the  knife  advances  as  if  moved  by  machinery, 
and  avoids  injuring  the  iris  and  the  lens-capsule  on  the  one  hand  or  the  cornea  on 
the  other.  Wounding  the  capsule  would  produce  cataract,  and  grating  the  posterior 
surface  of  the  cornea  mostly  leaves  an  indelible  streak. 

It  is  necessary  that  the  tip  of  the  knife  be  sharp  and  flexible,  otherwise  we  may 
have  difficulty  in  pushing  it  through  the  tough  lamelhp  of  the  cornea.  Afraid  of 
wounding  the  iris,  we  have  a  tendency  to  lower  the  handle  of  the  knife;  the  tip,  if 
flexible,  becomes  curved,  witli  the  concavity  toward  the  iris,  and  can  only  with  undue 
force  be  moved  forward. 

2.  Excision  of  the  Iris. — The  operator,  entrusting  the  fixing-forceps  to  the  hand  of 
an  assistant,  takes  a  pair  of  scLssors  in  the  right  and  the  iris-forceps  in  the  left  hand.  He 
closes  the  forceps  and  introduces  their  branches  into  the  anterior  chamber  as  far  as  the 
pupillary  edge  of  the  iris.  He  opens  the  forceps,  the  iris  ])asses  between  the  branches  ; 
the  operator  closes  the  forceps  again  and  draws  the  iris  out  of  the  wound  (more  or  less 
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of  it  according  as  a  larger  or  smaller  portion  is  to  be  removed),  and  cuts  it  off  close  to 
the  cornea,  the  blades  of  the  scissors  parallel  to  the  wound,  or,  if  he  wants  to  make  a 
small  incision,  at  right  angles  to  it.  In  most  cases  the  cutting  can  be  done  with  one 
stroke;  in  some  we  mav  cut  in  two  or  three  successive  strokes. 

The  iris-forceps  slumld  be  delicate ;  the  tips  of  the  branches  should  close  nicely  and 
remain  closed  when  tlie  branches  are  pressed  together.  iSome  forceps  close  at  the  tip 
when  only  moderate  pressure  is  applied,  but  under  stronger  pressure  they  close  at  a 
posterior  "point  and  diverge  at  the  tip.  This  is  a  great  fault,  for  the  instrument,  alter 
having  seized  the  iris,  loses  it  again  when  the  operator  presses  the  branches  more  firmly 
toirether. 

"  The  tips  of  the  branches  sliould  \w.  carefully  rounded  ofl".  They  frequently  have 
sharp  edtres,  whicli  make  the  i)oints  liable  to  engage  in  the  tissue  of  the  iris,  drag  it 
along,  and  i)r()duce  irido-dialysis  and  hemorrhage.  Hemorrhage  may  also  be  produced 
if,  while  drawing  the  iris  out,  we  exert  not  a  straightforward,  meridional  traction,  but 
a  lateral  one.  wliicli  c:iuses  dialvsis  and  rupture  of  the  large  arterial  circle  of  the  iris. 

3.  Adjustment  of  the  Lips  of  the  Wound.— No  foreign  substance,  in  particular 
no  iris-tissue,  must  be  left  in  the  wound.  It  disturbs  tlie  healing,  and  may  cause,  in 
consequence  of  the  angular  entanglement  of  the  iris,  very  unpleasant  irritative  ])roc- 
osses— cystoid  sCar,  corneal  fistula,  glaucoma,  suppurative  iritis,  irido-cyclitis,  and  sym- 
pathetic ophthalmia. 

The  adjustment  of  the  lii)S  of  the  wound  can  be  made  satisfactorily  in  most  cases  by 
passing  a  spatula  over  the  wound,  flat  and  at  right  angles  to  the  line  of  the  section,  so 
that  tlie  columns  of  the  coloboma  are  moved  back  into  the  anterior  chamber.  Should 
we  fail  to  accomplish  this  by  outward  pressure,  we  must  pass  the  spatula  through  the 
incision,  push  the  stump  of  the  iris  back  of  the  wound,  and  particularly  stroke  the  iris 
out  of  the  corners,  so  that  the  sphincter  is  clear  in  the  anterior  chamber  at  a  good 
distance  from  the  wound. 

During  and  after  the  operation  a  few  drops  of  a  mild  antiseptic  may  be  dropjjed 
over  the  line  of  incision  and  the  cornea,  as  the  latter,  owing  to  the  action  of  the  cocain, 
becomes  dry. 

4.  Dressing. — Both  eyes  are  covered  with  pieces  of  corrosive-sublimate  gauze,  upon 
which  are  ])laced  pads  of  absorbent  cotton,  which  are  held  in  position  by  the  classic 
binoculus  (double  figure-of-eight  bandage),  and  the  patient  is  put  to  bed. 

The  recovery  in  the  great  majority  of  cases  is  without  disturbance.  The  eye  is 
inspected  every  twenty-four  hours,  but  need  not  be  opened  each  time,  unless  some 
irregularity  takes  place.  The  patient  is  discharged  in  from  seven  to  fourteen  days, 
which,  of  course,  does  not  mean  that  he  shall  have  his  full  liberty  so  early. 

DiflPerent  Methods  of  Performing  Iridectomy  called  for  by  Special 
Morbid  Conditions. — («)  Optiml  i^upUn  shonkl  be  small.  The  incision  is  sit- 
luited  2  mm.  from  tlie  limbns  in  the  clear  cornea,  and  is  3  to  4  mm.  in  length  ; 
the  iris  is  seized  with  a  Matliieu  forceps  (Fig.  396)  or  a  blunt  hook  (Fig.  398), 
and  only  the  central  portion  excised.  The  coloboma  should  be  situated  where 
the  optical  conditions  of  the  cornea  as  to  curvature  and  clearness  are  best. 
If  we  have  the  choice,  the  situation  nasally  and  a  little  downward  gives  the 
best  .sight. 

ih)  Tlie  (/hiHcoma  pupil  should  be  large  and  peripheric,  1  mm.  at  least 
behind  the  limbus.  In  acute  glaucoma  with  high  tension  cocain-anesthesia 
is  mostly  insufficient  and  perilous ;  because  the  diffusion-currents  being 
directed  peripherally,  prevent  the  cocain  from  ])enetrating  into  the  eye 
sufficiently  to  j)roduce  much  effect.  If  the  cornea  be  made  tolerablv  insen- 
sible by  it,  the  iris  is  not  affected  at  all.  The  patient  does  not  feel  the  corneal 
incision  very  much,  but  as  soon  as  the  force])s  touch  the  sensitive  iris  he  is 
apt  to  give  a  sudden  jerk  witli  his  head,  which  may  drive  the  tip  of  the  iris- 
forceps  into  the  lens.    General  anesthesia  is  to  be  preferred  in  these  cases. 

If  one  iridectomy  in  glaucoma  gives  only  temporary  relief,  a  subsequent 
one  is  better  than  a  sclerotomy  (compare  with  page  570). 

Glaucoma  occurs  in-  al)0ut  1  per  cent,  after  extraction  of  primarv  or 
discission  of  secondary  cataract.  If  instillations  of  a  myotic — eserin  1*  per 
cent,  solution  or  pilocarpin  2  per  cent.— do  not  cure  the  attack,  an  iridectomy 
is  sure  to  succeed  (probably  also  a  paracentesis  of  the  anterior  chamber).  The 
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iris  in  such  cases,  as  in  all  apliakial  eyes,  frequently  escaping  the  ordinary 
forceps,  should  be  seized  with  Mathieu's  or  other  forceps  the  teeth  of  which 
are  at  the  lower  surface  near  the  tip,  not  straight  at  the  tip.  If  even  these 
(capsule)  forceps  fail,  a  blunt  hook,  passed  into  the  pupil,  will  grasp  the 
pupillary  portion  of  the  iris  and  draw  it  out  of  the  anterior  chamber,  where 
it  can  be  abscised. 

II.  Other  operations  performed  on  the  iris  are — 

1.  Iridotomy  is  practised  when,  after  a  cataract  operation,  the  pupil  is 
closed  and  drawn  toward  the  scar  left  by  the  wound. 

The  so-called  pince-ciseaiix  of  De  Wecker  (Fig.  399),  a  kind  of  cutting  forceps,  are 
introduced  into  the  anterior  ciiamber  tlirough  a  small  corneal  incision.  The  sharp- 
pointed  branch  is  thrust  through  the  iris,  the  other  remains  in  the  anterior  chamber, 


Fig.  399.— De  Wecker's  pince-ciseaux. 


and  in  this  way  one  or  two  incisions  are  made  through  the  iris  and  pseudo-membranes 
that  may  be  adherent  to  it.    If  successful,  an  artificial  pupil  can  be  obtained. 

The  author's  personal  experience  is  not  sufficient  to  pass  judgment  on  the 
value  of  this  operation.  After  several  trials,  which  were  not  very  satis- 
factory, he  has  returned  to — 

2.  Irido-cystectomy  in  such  cases,  which  have  become  very  rare  in  his 
practice. 

An  incision  is  made  with  a  Beer's  cataract-knife  (Fig.  400)  through  the  cornea,  iris, 
and  the  adherent  thickened  lens  capsule :  next  a  Tyrrell's  hook,  or  one  branch  of  a 
pair  of  capsule-forceps  (Mathieu's,  Fig,  395)  is  passed  into  the  opening  in  the  iris ;  the 


edge  of  the  iris  is  seized,  drawn  out  of  the  wound,  and  cut  off  close  to  the  cornea.  The 
results  of  this  procedure  have  in  general  proved  successful. 

3.  Corelysis  (synechiotomy),  the  detachment  of  posterior  (Streatfeild)  or 
anterior  (Lang)  synechiae,  has  not  been  found  sufficiently  beneficial  to  be 
regarded  as  a  standard  ojieration. 

4.  The  iridencleisis  of  earlier  surgeons  and  the  iridodesis  of  George 
Critchett,  by  which  pieces  of  the  iris  were  healed  into  a  corneal  wound,  and 
thus  the  iris  drawn  away  from  a  central  opacity,  have  been  abandoned  in 
favor  of  the  easier  and  less  hazardous  iridectomy. 


OPERATIONS  ON  THE  CRYSTALLINE  BODY. 

The  crystalline  body,  consisting  of  the  lens  and  its  capsule,  gives  occasion 
for  two  kinds  of  operative  procedures  wliich,  as  to  delicacy  and  precision  of 
execution  and  to  brilliancy  of  results,  are  excelled  by  no  other  department 
of  surgery. 

A.  Operations  on  the  I^ens. — When  the  lens  becomes  opaque  in  some 
way  or  other,  either  partially  or  totally,  it  intercepts  the  rays  of  light  on 
their  way  through  the  pupil.*  If  the  lens  is  removed  from  behind  the  pupil, 
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the  object  of  the  surgeon  is  obtained.  This  cnn  be  done  by  disphicement, 
by  extraction,  or  by  solution. 

I.  Displacement  at  the  present  time  is  only  exceptionally  practised — 
namely,  lor  certain  Ibrms  of  shrunken  or  secondary  cataract.  It  is  described 
by  C'elsus,  and  was  used  long  before  him.  It  was  practised  in  two  ways — 
(«)  by  dcpn'^mm  (keratonyxis).  X  broad  needle  was  introduced  through  the 
lower  part  of  tlie  cornea  into  the  upper  part  of  the  pupil,  where  by  the  raising 
of  the  handle  it  dislocated  the  lens  into  the  lower  part  of  the  vitreous,  {b)  by 
rec/ination  (couching,  scleronyxis).  The  needle  was  introduced  through  the 
sclerotic  and  lateral  part  of  the  lens  into  the  ui)per  part  of  the  pu]ullary  area, 
from  where,  by  a  curvilinear  movement,  it  turned  the  lens  back  and  down 
into  the  vitreous. 

The  immediate  results  of  dis})lacement  were  often  brilliant,  but  in  most 
cases  sight  was  subsequently  lost  by  ascension  of  the  lens,  or  by  irido-cho- 
roiditis  and  glaucoma. 

II.  Extraction  also  seems  to  be  an  old  method,  but  has  been  system- 
atically practised  only  .since  the  French  surgeon  Ja(jues  Daviel  in  1845  re- 
discovered it.  It  soon  obtained  favor,  and  for  the  last  forty  years  has  been 
the  chief  operation  for  cataract. 

The  following  instruments  are  required  :  A  wire  speculum  (see  Fig.  390) ; 
fixing-forceps  (Fig.  391),  as  for  iridectomy;  a  narrow  (v.  Graefe,  Fig.  393) 
or  a  triangular  (Beer,  Fig.  400)  knife,  with  a  firm,  non-flexible  ])oint,  which, 
like  the  cutting  edge,  is  of  the  utmost  sharpness ;  a  cystotome,  the  shaft  of 
which  may  be  straight  or  bent  at  an  obtuse  angle,  in  which  case  two  are 
necessary — one  for  the  right,  the  other  for  the  left,  eye  (Fig.  401),  and  the 
jioint  of  which,  with  its  short  cutting  edge  very  fine  and  sharp,  is  to  be 
cautiously  handled  in  cleansing  and  sterilizing;  a  Daviel  spoon,  fl(\\il)le  (Fig. 
403) ;  a  blunt  (olive-tipped)  flexible  probe  (Fig.  397) ;  a  curved,  flexible,  and 
sligiitlv  grooved  spatula  (Fig.  397),  and  a  wire  loop,  curved  like  a  spoon 
(Fig.  404). 


Fig.  401.— Right  and  left  cystotomes. 


Fir,.  402.— Cystotome  and  spoon. 


Fig.  403.— David's  spoon. 


Fig.  404.— Wire  loop  curved  like  a  spoon. 


EXECUTION  OF  THE  OPERATION. 

Firsf  Sfep.—Tiie  Corneal  Section.— Tlie  eve  is  cocainized.  The  f>perator,  standinff 
behind  the  patient,  inserts  the  teeth  of  the  fixing-forceps  firmly  into  the  episcleral  tissue 
and  makes  the  corneal  incision  with  a  narrow  Graefe  knife  held  hetween  the  thumb  and 
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tlie  index  and  middle  fingeisof  the  other  hand.  We  suppose  we  have  to  extract,  by  a 
superior  section,  a  liard,  mature,  senile  cataract,  tlie  anterior  cliamber  being  of  normal 
deptli.  The  knife  pierces  the  cornea  {puncture)  in  its  transparent  margin  (limbus) 
slightly  above  the  horizontal  meridian,  passes  straiglit  through  the  anterior  cliamber,  and 
emerges  [counter -puncture)  on  the  other  side  at  a  point  corresponding  to  the  puncture. 
The  section  is  continued  by  advancing  the  knife  its  whole  lengtli,  and  at  the  same  time 
cutting  upward  without  changing  its  direction,  parallel  and  close  to  the  iris,  until  it 
emerges  at  the  upper  end  of  the  vertical  meridian,  where  a  small  conjunctival  flap  is 
formed. 

Second  Step. — The  Opening  of  the  Capsule. — The  cystotome  is  introduced,  with 
its  point  backward,  gently  into  the  anterior  cliamber  as  far  as  the  i)upil;  then  its  tij)  is 
pushed  under  the  upper  part  of  the  iris,  turned  backward,  and  drawn  across  the  capsule 
of  the  lens,  so  as  to  incise  it  1  or  2  mm.  below  the  equator,  concentrically  with  the 
corneal  margin.  This  maneuver  requires  some  judgment  in  order  to  be  sure  that  the 
capsule  is  opened  without  displacing  the  lens  or  rupturing  its  suspensory  ligament, 
which  would  favor  escape  of  vitreous  during  the  operation  and  prolapse  of  iris  later. 

Third  Step. — Expulsion  of  the  Lens. — The  speculum  is  removed  ;  the  operator  takes 
the  wire  loop  in  one  hand,  and  Daviel's  spoon  in  the  other.  The  patient  looks  steadily 
down  ;  the  convex  surface  of  the  spoon  is  applied  to  the  lower  portion  of  the  cornea  and 
pressed  gently  and  steadily  toward  the  centre  of  the  eyeball,  wliich  causes  the  wound  to 
gape  widely  and  the  lens  to  slip  out  gradually.  When  the  greatest  diameter  of  the  lens 
has  passed  out  of  the  wound  the  lower  part  is  followed  up  with  the  spoon,  so  that  the 
whole  cataract  is  expelled.  If  during  the  expulsion  the  pupil  does  not  dilate  well  and 
the  upper  part  of  the  iris  is  pushed  out  l)ulgingly,  the  operator  enlarges  the  pui)il  by 
pressing  the  bulging  part  of  the  iris  backward  with  the  wire  loop. 

Fourth  Step. — Cleansing'  of  the  Wound. — During  the  operation  and  cleansing  of 
the  wound  it  is  desirable  to  instil  a  few  drops  of  an  antise]>tic  solution,  which  will  keep 
the  eye  wet  and  wash  small  particles  away.  Remnants  of  lens  should  be  driven  out  by 
pressing  with  the  finger  the  edge  of  the  lower  lid  upward  over  the  cornea.  Neither  the 
upper  nor  the  lower  lid  should  touch  the  open  wound.  Pieces  of  cataract  lying  between 
the  lips  of  the  wound  must  be  removed  with  a  well-sterilized  spatula.  Also  small  par- 
ticles of  lens  lying  still  in  the  anterior  chamber  can  be  stroked  out  with  the  spatula. 

If  the  iris  does  not  return  into  its  normal  position  spontaneously  or  by  gently  pressing 
a  few  times  the  lower  lid  with  the  finger  on  the  lower  margin  of  the  cornea,  the  tip  of 
a  blunt  probe  has  to  be  introduced  from  the  side  into  the  anterior  chamber  and  passed 
onward  along  the  iris-angle  beyond  the  vertical  meridian,  in  order  to  disengage  the  iris 
from  the  sinus  of  the  anterior  chamber,  where  it  is  crowded,  and  stroke  it  toward  the 
center  of  the  pupil.  If  this  maneuver  should  not  succeed  or  the  iris  sliould  show  a 
tendency  to  become  dis])laced  again,  it  is  best  to  excise  a  small  portion  of  it,  and  with 
a  probe  carefully  push  the  corners  of  the  defect  out  of  the  wound  back  into  the  cham- 
ber.   Care  should  also  be  taken  to  stroke  the  conjunctival  flap  out  of  the  wound. 

Fifth  Step. — Dressing  of  the  Wound. — When  the  patient  is  put  to  bed  the  wound 
is  inspected  once  more,  and,  if  everything  is  satisfactory,  both  eyes  are  bandaged.  A 
piece  of  sterilized  gauze  is  put  wet  on  each  eye  ;  upon  it  is  placed  a  thin  pad  of  absor- 
bent cotton,  the  whole  held  in  position  by  a  roller  bandage  or  strijDs  of  isinglass  plaster. 

The  patient  should  lie  quietly  on  his  back  as  long  as  he  feels  comfortable;  otherwise 
he  may  lie  on  the  side  of  the  non-operated  eye.  It  is  advisable  to  give  an  anodyne  to 
the  majority  of  ])atients  soon  after  the  operation. 

Modification  of  the  Operative  Procedure. — The  corneal  sectionis  placed 
more  or  less  in  the  opaque  border  of  the  anterior  chamber.  This  favors  prolapse 
of  iris  and  vitreous,  as  well  as  inflammations  of  the  ciliary  body. 

The  section  is  placed  witJtin  fJte  transparent  cornea.  This,  by  closing  less 
accurately,  tends  to  adhesions  of  the  iris  to  the  scar,  especially  at  the  corners 
of  the  wound,  and  is  more  liable  to  primary  and  secottdart/  infection. 

The  section  is  made  downward.  This  section  Is  less  protected  by  the 
lids,  and  optically  at  a  disadvantage  if  an  iridectomy  has  to  be  made. 

The  opemng  of  the  capsule  is  made  with  a  cystotome  or  a  hook,  exfeU' 
sively  and  in  different  direcfionf^.  In  this  way  the  capsule  is  torn,  not  incised. 
It  has  the  advantage  that  in  a  certain  number  of  csisos  the  shreds  of  the  cap- 
sule are  drawn  to  the  periphery  and  leave  a  sufficiently  clear  pupil,  but  the 
laceration  and  promiscuous  opening  often  cause  posterior  synechia?,  and  not 
rarely  more  or  less  obstruction  of  the  pupil  by  inflammatory  products  which 
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it  is  difficult  and  risky  to  deal  with.  The  oj^ening  of  the  capsule  by  a  periph- 
eric incision  permits  as  easy  and  complete  an  expulsion  of  the  lens  as  the 
central  opening,  and  tends  much  less  to  iritis  and  capsular  deposits.  If  later 
we  wish  to  give  the  patient  permanently  the  greatest  possible  sight  his  case 
admits  of,  we  can  do  it  by  a  simple  discission  of  the  wrinkled  but  not 
thickened  capsule. 

A  inecc  of  iris  is  excised  either  before  {preliminary  iridectomy,  Mooren)  or 
during  the  operation  for  cataract  {combined  extraction,  von  Graefe).  This  is 
indicated  in  all  the  cases — about  10  per  cent. — in  which  the  natural  ])upil 
does  not  admit  of  an  easy  exit  of  the  lens  or  in  which  the  protruded  iris 
cannot  be  reduced  or  is  likely  to  form  a  subsequent  prolapse.  That  combined 
extraction  is  a  safer  oj)eration  than  simple  extraction  is  an  assertion  not  con- 
firmed by  the  writer's  practice  (in  more  than  1000  carefully  recorded  cases  of 
each  method).  Simple  extraction  has  the  disadvantage  that  it  is  followed  by 
prolapse  of  the  iris  in  5  to  10  per  cent,  of  the  cases.  This  can  be  remedied 
without  much  trouble  and  danger  by  excision  of  the  prolapse  within  24  hours 
after  its  occurrence.  In  all  other  respects  simple  extraction  is  superior  to 
combined  extraction. 

The  expulsion  of  the  lens  can  also  be  accomplished  as  follows : 

Cataracts  may  be  extracted  with  the  capsule.  A.  and  H.  Pagenstecher 
have  tried  this  old  operation  as  a  general  method^  but  had  to  limit  it  to 
hypermature  cataracts  where  the  capsule  is  thickened  and  the  zonula  Zinnii 
frail  or  ruptured.    For  such  cases  it  is  the  best  method. 

In  soft  and  traumatic  cataracts,  including  those  produced  by  operative 
interference — e.  g.  discission — in  excessive  myopia,  zonular  cataract,  etc.,  the 
so-called  linear  extraction  js  appropriate. 

With  a  lance-shaped  knife  the  cornea  is  cut  to  the  extent  of  5  or  6  mm.  near  its 
border,  and  the  capsule  opened  by  piercing  it  with  the  lance,  or  it  may  be  lacerated 
with  a  cystotome.  The  soft  lens-substance  is  let  out  by  backward  pressure  with  the  tip 
of  the  lance.  If  this  is  not  sufficient,  the  posterior  lip  of  the  wound  is  pressed  back  by 
a  wire  loop,  and  as  much  of  the  cataract  is  coaxed  oi;t  as  will  follow  a  moderate  press- 
ure. The  reaction  is  mostly  insignificant,  but  a  subsequent  capsulotomy  is  needed  in 
most  cases. 

In  tremulous  and  dislocated  cataracts,  or  M^hen  vitreous  escapes  before  the 
lenf^,  the  fixing-forceps  and  speculum  should  be  removed  immediately  after 
the  opening  of  the  capsule  and  the  lens  expelled  by  pressing  icith  the  edge  of 
the  lower  lid  toicard  the  center  of  the  globe,  while  the  upper  lid  is  pressed  gently 
on  the  sclerotic  above,  near  the  section.  In  this  way  the  lens  is  moved  into 
the  wound,  plugs  the  gap,  and  by  a  little  additional  pressure  mostly  comes 
out  without,  or  with  but  little,  loss  of  vitreous. 

If,  in  exceptional  cases,  these  external  manipulations  do  not  succeed,  the 
lens  has  to  be  drawn  out  by  a  traction-instrument — a  spoon,  a  curved  wire 
loop  (Fig.  404),  or  a  sharp  hook— introduced  behind  the  lens,  beyond  the 
posterior  pole.  The  introduction  of  traction-instruments  should  be  avoided 
as  much  as  possible. 

For  the  cleansing  of  the  pupil  from  remnants  of  cataract  a  Daviel's  spoon 
has  been  used  ;  the  remnants  also  have  been  washed  out  with  a  syringe  by 
injecting  a  very  mild  antiseptic  lotion  {irrigation  of  the  anterior  chambei'). 
These  procedures  do  not  often  succeed,  nor  are  they  free  from  danger.  In 
expelling  them  by  external  manipulation  care  should,  however,  be  taken  lest 
by  an  unusual  degree  of  pressure  vitreous  protrude. 

Mistakes  and  Accidents  during  the  Operation. — Insufficiency  of  the 
corneal  section  leads  to  stripping  off  of  the  cortex  and  bruising  of  the  wound, 
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with  deleterious  consequences.  Its  presence  is  recognized  if  tlie  lens  ])resents 
in  the  wound,  but  does  not  advance.  No  forcible  pressure  should  be  used, 
but  the  section  should  be  enlarged  by  a  strong  pair  of  strabismus-scissors 
(those  of  Stevens  answer  well). 

If  the  knife  on  its  passage  through  the  anterior  chamber  engages  in  the 
iris,  or  if  the  coiinter-piuidure  is  not  at  the  right  place,  the  knife  should  be 
drawn  back  and  its  direction  corrected. 

If  the  iris  falls  over  the  knife  when  the  knife,  after  the  counter-puncture,  is 
moved  upward,  in  many  cases  the  iris  can  be  re-dressed  by  turning  the  edge 
of  the  knife  slightly  forward  ;  but  if  this  fails  to  push  the  iris  back,  it  is 
best  to  continue  and  to  complete  the  seOtion.  Tlie  exsection  of  a  small  piece 
of  iris  does  not  much  interfere  with  a  good  recovery. 

Disturbances  of  the  Healing-  Process. — Profuse  intraocular  hemorrhage 
during  or  after  the  operation  is  followed  by  the  ruin  of  the  eye,  do  what  we 
may. 

Prolapse  of  iris  is  treated  in  the  manner  already  described  (page  576). 

Iritis  is  treated  as  usual — leeches,  atropin,  anodynes,  etc. 

Qijclitis  with  capsulitis,  which  mostly  manifests  itself  in  the  second  week 
by  pain,  marked,  deep-seated  circumcorneal  injection,  with  a  round,  clear 
pupil  and  good  sight,  is  commonly  tedious  and  requires  patient  treatment  for 
from  three  to  six  weeks.  Then  the  sclera  gets  white,  the  vitreous  clears  up, 
the  capsule  is  more  or  less  opaque,  but  the  vision  is  commonly  not  greatly 
damaged,  and  can  be  improved  by  a  subsequent  discission. 

Irido-cyclitis,  especially  after  combined  extraction,  is  more  deleterious; 
It  lasts  weeks,  and  sometimes  months,  damages  sight  greatly,  leads  to 
closure  of  the  pupil,  and  dense  pseudo-membranes  behind  the  iris.  We 
should  not  tire  in  treating  such  cases,  for  not  infrequently,  even  if  sight  is 
reduced  to  perception  of  light,  a  cystectomy  will  restore  useful  vision. 

Irido-cyclitis  rains,  in  rare  cases,  the  other  eye  by  sympathetic  ophthal- 
mia. 

Suppuration  may  occur  in  the  cornea,  the  iris,  and  the  vitreous.  In  almost 
all  cases  it  destroys  the  eye  by  extension  to  the  deeper  tunics — panophthal- 
mitis. 

In  some  cases  a  corneal  suppuration  is  limited  to  the  lips  of  the  wound 
and  the  adjacent  parts.  The  result  is  partial  preservation  of  the  cornea, 
indrawn  scar,  and  closure  of  the  pupil.  If  the  eyeball  is  not  soft  and  the 
light-perception  good,  an  iridectomy  may  restore  a  moderate  degree  of 
vision. 

AVhether  a  beginning  suj)puration  of  the  flap  will  be  limited  or  progress 
to  total  destruction  of  the  cornea  seems  to  depend  more  on  the  nature  of 
the  individual  case  than  on  the  medication  employed.  The  author  has  not 
found  that  galvano-cautery  or  any  other  means  has  a  controlling,  or  even 
favorable,  influence  on  the  morbid  process.  Of  the  many  modes  of  treatuient 
recommended  and  praised,  the  best  seems  to  be  to  open  tlie  wound  and  estal)- 
lish  drainage  of  the  anterior  chamber  by  reopening  the  wound  with  a  spatula 
once  every  day  or  oftener.  Eyes  with  ring  abficess  and  panophthalmitis  are 
beyond  rescue.  Our  endeavor  should  be  to  relieve  the  atrocious  pain  and 
establish  a  safe  and  non-irritable  stump  suitable  for  wearing  an  artificial 
eye.  This  is  best  accomplished  by  poulticing  and  incisions  giving  free 
vent  to  the  pus. 

The  result  of  cataract  extraction  is  restoration  of  useful  sight  in  about 
95  per  cent,  of  the  uncomplicated  cases,  perception  of  light  in  3  per  cent., 
total  blindness  in  2  per  cent. 
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III.  Ripening  Operations  for  Immature  Cataract.— A  cataract 
may  be  mature — /.  c.  opacjiie  in  all  its  part.s — and  yet  not  in  the  be.st  condi- 
tion for  extraction,  'i'liis  is  the  case  Avlien  the  lens  is  swollen  by  imbibition, 
Avhich,  through  the  shallowness  of  the  anterior  chamber,  renders  it  difficult 
to  pass  the  knife  through  the  a(iueous  humor  without  injuring  the  iris, 
and  to  make  the  counter-puncture  at  the  right  ])lacc.  Usually  in  from  three 
to  six  months  the  imbibed  licpiid  will  be  absorbed,  the  lens  will  be  smaller 
and  coini)act,  and  the  anterior  chamber  of  normal  de])th.  This  is  the  time 
for  the  extraction. 

On  the  other  hand,  cataracts  may  be  immature  and  yet  can  be  extracted 
easily  and  cleanly.  This  is  the  case  when  tiie  nucleus  is  opaque  and  the 
transparent  cortex  jx-rvaded  by  gray  lines  situated  in  the  layers  next  to 
the  ca})sule ;  or  when  the  cortex  is  transparent,  but  the  nucleus  amber- 
colored,  and  the  patient  has  reached  tlie  age  of  sixty  years.  Frequently 
enough  in  cataracts  not  coming  under  the  above  categories  the  natural  ripen- 
ing is  so  slow  as  to  cause  the  greatest  discomfort  and  render  the  patients 
unlit  for  work.  Under  these  circumstances  artificial  ripening  has  been 
resorted  to  in  different  ways : 

1.  Opening  of  the  ca])sule  with  a  needle,  as  in  discission  of  soft  cataract 
(see  later  on).  This  is  the  oldest  and  ])erlia})s  most  efficient  method,  yet  it 
has  the  disadvantage  of  rij)ening  the  anterior  cortex  only,  so  that  after  the 
extraction  we  are  surprised  by  finding  a  considerable  qnantity  of  lens-matter 
left  behind.  This  may  not  be  the  case  if,  as  Schweigger  recommends,  the 
discission  goes  deeper  into  the  lens-substance. 

2.  Iridectomy  and  trituration  of  the  lens  by  rubbing  a  blunt  instrument 
over  the  cornea  (Forster). 

?).  Paracentesis  of  the  cornea  and  trituration  of  the  lens  with  a  blunt 
probe  (Born),  spatula  (Sasso  and  Piscaldi),  or  trowel  (B.  Bettman)  introduced 
into  the  anterior  chamber. 

4.  Paracentesis  of  the  cornea  and  trituration  of  the  lens  thron^h  the 
cornea  (T.  R.  Pooley,  J.  \.  White). 

The  writer  has  used  some  of  these  methods,  with  little  satisfaction.  He 
advises  his  ])atients  to  wait  till  Nature  ripens  their  cataracts — which  she 
always  does  harmlessly — and  if  they  cannot  wait,  he  in  most  cases  would 
rather  remove  an  unripe  cataract  (])rovided  the  anterior  chamber  is  not 
shallow),  and  deal  with  the  remnants  later,  than  subject  the  patients  to  pre- 
liminary ripening  ])rocedures,  which  are  nnrelial)le  and  require  operations 
for  secondary  cataract  not  less  frequently  than  where  immature  cataracts 
are  removed. 

IV.  Discission  of  the  lens  is  indicated— 1.  In  all  cataracts  of  young 
people  up  to  fifteen  years  of  age. 

2.  In  soft  cataracts  of  adults  as  long  as  there  is  no  hard  nucleus.  In 
these  the  discission  has  frequently  to  be  followed  by  extraction  on  account  of 
the  advent  of  glaucoma. 
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Fig.  405.— Knife-needle. 

3.  In  transparent  lenses  in  younger  people  suffering  from  excessive 
myopia,  16  D.  and  over. 

Inf^trumenis. — Fixing-forceps,  a  discission-needle,  or  small  knife-needle 
(Fig.  405). 
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The  execution  of  discission  varies  under  difFercnt  conditions. 

For  division  of  soft,  zonular,  and  partial  catarads  the  operator  chooses  a  short 
knife-needle,  thrusts  it  tlirough  the  cornea  midway  hetween  center  and  circumference, 
and  through  the  capsule,  2  mm.  heyond  its  center ;  draws  it  back  to  make  a  liorizontal 
incision  of  4  mm.  through  the  capsule ;  then  he  rotates  the  instrument  90°,  transfixes 
the  capsule  2  mm.  above  the  horizontal  incision  and  cuts  down  into  the  horizontal  in- 
cision ;  now  he  turns  the  needle  180°,  transfixes  the  capsule  2  mm.  below  the  horizontal 
incision,  and  cuts  upward  into  the  latter.  In  this  way  the  capsule  is  opened  by  a 
crucial  incision  of  4  mm.  in  either  direction.  The  cuts  should  be  superficial,  lest  the 
lens  by  too  rapid  imbibition  swell  too  much  and  cause  glaucoma.  Yet  a  small  particle 
of  lens-substance  may  be  ])ushed  with  the  needle  into  the  anterior  chamber,  for  small 
and  auperficial  openings  of  the  capsule  may  close  again  and  have  no  effect.  In  most 
cases  the  discission  has  to  be  repeated  several  times,  and  the  last  time  the  posterior 
capsule  should  be  divided,  otherwise  it  will  by  wrinkling  and  dotting  obstruct  the  pupil 
subsequently. 

For  the  removal  of  the  transparent  lens  in  cases  of  excesnim  myopia  the 
same  precautious  and  repeated  operations  have  been  made,  but  Dr.  Fukala,  the 
chief  advocate  of  the  "operative  treatment  of  myopia,"  now  recommends 
breaking  up  the  lens  in  the  tirst  operation  by  extensive  discission,  soon  to  be 
followed  by  extraction.  The  writer  has  no  personal  experience  in  removing 
the  transparent  lens  in  myopia.  The  operation  has  been  practised  of  late  by 
a  number  of  eminent  European  oculists,  and,  on  the  whole,  favorably  com- 
mented uj)on.  It  is  like  operating  on  zonular  cataract,  and  said  to  liave  no 
influence  on  the  fundus  chang-es.  Hemorrhagre  in  the  vitreous  and  detach- 
ment  of  tlie  retina  have  been  noticed  after  the  operation.  In  a  large  number 
of  cases  the  visual  tests  after  the  operation  have  discovered  a  remarkable 
increase  of  the  sliarpness  of  vision  (see  also  page  224). 

B.  Operations  on  the  Capsule,  the  so-called  Secondary  Cata- 
ract.— For  secondary  cataract  many  operative  procedures  have  been  recom- 
mended. 

1.  Discission  is  indicated  for  all  obstructions  of  the  pupil  that  can  be  cut 
with  a  small  knife  or  a  needle.  It  is  rarely  that  the  capsule,  when  partially  or 
totally  left  in  the  eye,  remains  permanently  clear;  it  wrinkles,  dots,  and 
thickens,  diminishing  the  vision  more  and  more.  Discission  should  be  done 
if  the  vision  is  less  tlian  |^^.  Tlie  best  time  to  do  it  is  from  six  to  twelve 
weeks  after  the  extraction,  when  all  irritation  lias  passed  and  the  capsule 
has  not  yet  become  thick  and  tougli.  It  can  be  done,  however,  at  any  later 
period.    For  many  years  the  writer  has  operated  in  the  following  way  : 

The  eye  is  cocainized,  the  pupil  dilated.  An  assistant  throws  the  focal  point  of  an 
intense  pencil  of  light  (Argaiid  gas-burner,  incandescent  gas,  or  electric  light;  large 
hand  lens)  on  the  capsule,  leaving  half  of  the  cornea,  through  which  the  operator  looks, 
unilluminated.  The  operator  has  previously  examined  the  eye  with  focal  light  and  the 
ophthalmoscope  to  ascertain  how  much  diminution  of  sight  is  attributable  to  the  cap- 
sule. If  he  gets  a  clear  image  of  the  fundus,  cystotomy  is  out  of  the  question ;  further, 
he  has  to  find  out  where  the  capsule  is  least  tough  in  order  to  determine  where  and  in 
which  direction  it  should  be  split.  The  ]ilan  of  the  operation  is  the  same  as  in  discission 
of  soft  cataract  (see  above). 

A  straight  knife-needle  with  a  sharp  point,  a  sharp  cutting  edge  and  a  rounded  back 
is  used.  The  blade  and  shaft  should  l)e  so  proportioned  that  the  shaft  just  fills  the 
wound  made  by  the  blade.  Sickle-shaped  needles  do  not  readily  stab  the  delicate, 
elastic,  and  readily  escaping  pieces  of  capsule  when  the  first  incision  has  been  made. 
Needles  of  so  little  width  as  here  required  cannot  be  made  sharj)  if  they  have  two  cut- 
ting edges  instead  of  one  and  a  back,  as  on  a  knife.  With  a  well-made  knife-needle 
three  incisions  can  be  made  without  escape  of  aqueous  humor  or  bruising  of  the  edges  of 
the  puncture-canal  in  the  cornea. 

The  capsule  must  be  divided  by  two  incisions  (no  tearing),  T-shaped ;  sometimes 
three  incisions,  +,  crucial.  Bands  offering  resistance  must  be  left  alone;  it  suffices  to 
clear  the  space  beside  them.    The  needle  should  not  be  entered  more  deeply  into  the 
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vitreous  than  is  necessary  to  split  the  capsule.  The  incision  should  be  effected  by  the^ 
simultaneous  movement  of  a  lever  and  a  knife  which  is  gradually  withdrawn,  the  corneal 
puncture  being  the  fulcrum.  The  handle  of  the  knife-needle  is  to  be  held  between  the 
brawn  of  the  thumb  on  one  side  and  that  of  the  index  and  ring  fingers  on  the  other,  so 
that  an  axis  rotation  of  180°  can  be  easily  and  securely  made.  If  by  some  accident  or 
other  the  splitting  of  the  capsule  has  been  insufficient,  no  harm  is  done  by  introducing 
the  needle  again,  from  another  point  of  the  cornea,  in  the  same  sitting  or  later  on, 

Tlie  reaction  of  this  operation  is  mostly  insignificant.  The  writer  has  done 
this  operation  seventeen  or  eighteen  hundred  times  and  never  lost  an  eye  by 
it,  and  rarely  ever  damaged  one.  Suppuration  has  never  followed,  but  glau- 
coma occurred  every  now  and  then,  in  about  1  per  cent,  of  the  cases.  It  has 
always  been  cured  by  a  myotic  or  an  iridectomy.  The  results  for  sight  have 
been'  most  siitisfactory,  and  the  sharpness  of  sight,  once  acquired,  was  not  lost 
again  by  a  disease  that  was  in  causal  connection  witli  the  operation,  if  excep- 
tion is  made  of  cases  of  subsequent  glaucoma  which  were  inaccessible  to 
treatment.  The  patients  should  be  warned  not  to  let  themselves  be  deluded 
bv  the  absence  of  discomfort  during  the  first  days,  but  avoid  exposure  and 
over-exertion,  and,  should  irritation  occur,  at  once  consult  an  oculist  and 
have  a  myotic  instilled  or  an  iridectomy  made  if  glaucoma  be  present.  The 
cases  are  very  rare,  however.^ 

2.  Cystectomy,  iridectomy,  iridotomy,  or  irido-cysfecfomy  should  be  done  if 
the  ])upil  is  occupied  by  tough  pseudo-membranes  or  closed  altogether.  The 
operations  are  described  before  (see  ])ages  577-579). 

3.  In  cases  of  tough  capsules  a  double-needle  dilaeeration  may  be  done. 
One  needle  is  introduced  with  one  hand  through  the  nasal  side  of  the  cornea 
and  tlirust  through  the  center  of  the  lens,  and  held  there  ;  another  is  intro- 
duced with  the  other  hand  through  the  temporal  side  of  the  cornea,  and 
thrust  tlu'ough  the  a]>crture  in  the  capsule  which  the  first  needle  has  made. 
By  approacliing  the  handles  to  each  other  the  points  diverge,  and  tear  a  hole 
into  the  capsule  without  dragging  on  the  ciliary  processes.  By  this  pro- 
cedure we  often  succeed  in  making  a  permanently  good  opening  in  the 
capsule.    It  is  not  hazardous. 

'  Operations  on  the  capsule  for  secondary  cataract  are  dreaded  by  many  experienced 
operators,  who  have  lost  eyes  (which  had  obtained  useful  vision  through  extraction  of 
primary  cataract)  by  the  severest  inflammations,  including  suppuration  and  panophthal- 
mitis. The  reason  why  the  writer  thus  far  has  escaped  such  sad  experience  probably  is 
that  he  performs  the  extraction  with  a  view  to  supplement  it  by  a  discission — namely,  in 
such  a  way  as  to  exclude,  as  much  as  is  in  his  power,  any  reaction  that  may  lead  to  the 
deposition  of  inflammatory  products  in  the  pupil.  This  object,  he  thinks,  is  obtained, 
more  than  by  anything  else,  by  the  peripheric  incision  of  the  capsule,  which  is  rarely 
followed  by  iritic  processes.  His  statistics  of  many  hundred  cases  show  the  average 
acuteness  of  sight  to  be  before  and  f§  after  the  secondary  operation.  The  latter  is 
done  in  about  70  per  cent,  of  the  cases,  and  consists  nearly  always  in  a  discission.  In 
less  than  2  per  cent,  has  he  had  occasion  to  make  another  operation  for  secondary 
cataract. 

The  after-treatment  of  cataract  operations  has  been  mentioned  above  in 
different  places,  the  dressing  on  ])age  578,  the  operative  treatment  of  prolapse  of  the 
iris  on  page  576.  To  prevent  accidental  injury,  in  particular  iris-prolapse,  various  kinds 
of  masks  are  in  use.  Some  masks  imply  danger  by  themselves,  all  are  more  or  less 
uncomfortable,  and  many  patients  of  the  author  have  preferred  to  have  their  hands  tied. 
It  is  advisable  to  inspect  the  eye  the  day  after  the  operation  and  remove  an  iris-prolapse, 
if  there  should  be  any,  at  once.  The  bandage  may  be  removed  from  the  non-operated 
eye  on  the  third  or  fourth  day,  from  the  operated  eye  several  days  later.  The  patient 
may  be  kept  in  bed  for  five  or  six  days,  old  people  less,  for  fear  of  hypostatic  pneumonia. 
Attacks  of  mania  are  combatted  by  hypodermic  injections  of  byoscin,  gr.  y^js  pro  dosi. 
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Operations  upon  the  ocular  muscles  may  be  necessary  for  the  relief  of 
concomitant  and  paralytic  strabismus,  as  well  as  for  want  of  balance  in  oppos- 
ing muscles  where  stpiint  does  not  exist. 

The  surgical  correction  of  strabismus  includes  tenotomy  of  one  or  more 
of  the  ocular  muscles,  or  advancement  combined  with  tenotomy.  Partial  and 
complete  tenotomies  are  also  performed  to  correct  various  types  of  hetero- 
phoria,  and  advancement  may  be  employed  for  the  same  purpose.  Finally, 
advancement  preceded  by  tenotomy  of  tlie  opposing  muscle  is  utilized  to 
relieve  the  faulty  results  of  strabismus  operations,  or  in  certain  cases  to 
counteract  the  deviation  produced  by  paralytic  squint. 

I.  Complete  Tenotomy. — (o)  Tenotomy  of  the  Internus. — The  oper- 
ation for  convergent  strabismus  which  has  been  very  generally  adopted  is  the 
one  devised  by  v.  Graefe.  It  is  the  easiest  of  all  the  oj)erations,  and  has 
only  one  disadvantage,  if  it  may  })roperly  be  so  called — namely,  the  necessity 
of  a  suture  in  the  conjunctiva.    It  is  performed  in  the  following  way  : 

After  the  conjunctiva  is  cocainized  the  lids  are  separated  by  a  spring  spccukini,  and 
an  assistant  seizes  the  conjunctiva  close  to  the  outer  side  of  the  cornea  and  rotates  the 
eye  directly  outward  in  the  axis  of  the  commissure,  in  order  to  prevent  the  natural  tend- 
ency of  the  patient  to  turn  the  eye  upward.  The  operator  grasps  the  conjunctiva  with 
a  pair  of  forceps  directly  over  the  tendinous  insertion  of  the  muscle,  raises  it,  and 
makes  an  opening,  either  in  a  vertical  or  horizontal  direction,  large  enough  to  admit  the 
easy  introduction  of  the  hook.  Next,  the  subconjunctival  tissue  is  incised,  so  as  to 
expose  the  tendon  of  the  muscle,  and  the  hook  is  passed  beneath  the  tendon,  care  being 
exercised  to  secure  the  entire  tendon.  The  muscle  is  severed  close  to  its  insertion  in  the 
sclera  with  two  or  three  cuts  of  the  scissors. 

An  examination  should  now  be  made  with  the  hook,  above  and  below,  to  determine 
whether  the  tendon  has  been  entirely  severed,  and  also  to  ascertain  whether  any  offshoots 
remain  which  may  limit  the  motion  of  the  eye  outward.  If  the  patient  is  not  anesthe- 
tized, this  may  be  readily  determined  by  directing  him  to  forcibly  rotate  the  eye  out- 
ward. The  patient  should  next  be  directed  to  "  fix  "  an  object  near  by — the  point  of  a 
pencil  or  the  tip  of  the  finger.  If  convergence  still  remains,  the  effect  of  the  operation 
may  be  increased  by  incising  the  capsule  of  Tenon.  This  should  be  done  with  care, 
and,  after  snipping  the  capsule  above  and  below  the  severed  tendon,  adduction  and 
abduction  should  be  tested.  If  the  effect  is  satisfactory,  the  conjunctival  wound  should 
be  closed  with  one  or  two  sutures,  both  eyes  bandaged,  and  the  patient  required  to  renuiin 
within  doors  until  the  following  day,  when  the  bandage  may  be  removed. 

If  too  much  effect  has  been  produced,  a  suture  should  at  once  be  inserted  in  the  cut 
end  of  the  muscle  from  within  outward  and  brought  out  through  the  conjunctiva  close 
to  the  cornea.  It  should  be  securely  tied,  and  then  a  bandage  applied,  as  above  di- 
rected, until  the  following  day,  when  the  eye  should  be  opened  and  allowed  to  take  part 
in  the  visual  act.  The  primary  suture  may  be  removed  on  the  second  day  after  the 
operation,  but  when  a  suture  is  introduced  to  counteract  excessive  effect  it  should 
remain  for  two  or  three  days. 

(b)  The  subconjunctival  operation,  commonly  known  as  Critchett's 
operation,  is  done  in  the  following  way  : 
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The  eye  having  been  cocainized,  the  lids  are  separated  by  a  spring  speculum  (it  is 
supposed  the  internal  rectus  is  to  bi-  operated  upon),  and  an  assistant  firmly  seizes  with 
forceps  the  conjunctiva  and  subconjunctival  tissue  near  the  outer  edge  of  the  cornea  to 
prevent  rotation  of  the  eye  on  its  axis.  The  operator  next  raises  the  conjunctiva  with  a 
fine-toothed  forceps  over  the  lower  border  of  the  rectus  muscle,  and  makes  an  opening 
suthciently  large  to  admit  easy  insertion  of  the  scissors  and  hook.  It  is  better  to  have 
this  opening  too  large  than  too  small.  Alter  the  incision  of  the  conjunctiva  the  sub- 
conjunctival tissue  is  divided  by  successive  sliort  snips  with  the  scissors,  and  undermined 
in  the  direction  of  the  caruncle,  until  an  opening  is  nuide  in  the  capsule  sufficiently 
large  to  enable  the  operator  easily  to  introduce  the  hook.  The  hook,  held  in  the  right 
hand,  is  inserted  on  the  fiat,  its  point  in  contact  with  the  sclera,  and  is  passed  under  the 
muscle  and  drawn  toward  the  insertion  of  its  tendon.  Then  the  i)oint  is  elevated  until 
it  raises  the  conjunctiva  in  a  tent-like  manner.  The  hook  is  now  grasped  by  the  left 
hand  of  the  operator,  the  assistant  removes  the  f()r('e])S,  and  the  tendon  is  severed  by  a 
series  of  short  snips  until  the  lessening  of  resistance  and  the  elevation  of  the  hook 
under  the  conjunctiva  indicate  complete  division  of  the  tendon.  Where  the  tendinous 
insertion  is  broad  it  may  not  be  entirely  taken  up  on  the  hook,  and  another  attempt  to 
secure  it  should  be  made.  After  the  section  has  been  ix-rlbrmed  the  hook  should  be 
swept  through  the  opening  in  order  to  catch  any  strands  which  may  have  escaped 
division.  If  a  decided  effect  is  desired,  the  opening  in  the  capsule,  above  and  below, 
may  be  enlarged. 

The  conjunctival  wound  does  not  need  a  suture  to  close  it,  and  only  a  compress 
bandage  for  a  day  is  necessary.  It  is  more  difficult  to  perform  this  operation  than  the 
one  previously  described,  because  the  tendon  cannot  be  seen,  but  only  felt.  Sometimes 
with  an  unruly  patient  the  cutting  is  not  smooth  ;  occasionally  the  tendon  slips  off  the 
hook.  Straight  scissors  are  better  in  this  o])eration  than  curved,  although  the  opei'ator 
may  use  the  kind  he  prefers. 

(c)  Snellen's  Method. — Snellen  makes  a  A'ertical  incision  in  the  conjunctiva 
directly  over  the  middle  of  the  tendon  of  the  muscle.  After  the  o])ening  has  been 
sufliciently  enlarged  and  the  tendon  exposed  he  seizes  it  with  a  pair  of  forceps  and 
makes  an  opening  or  buttonhole  in  it,  through  which  he  passes  the  hook  and  cuts 
the  upper  portion,  and  then  the  lower  portion,  of  the  tendon  in  succession,  close  to  the 
sclerotic.  The  subsequent  dressings  are  the  same  as  after  the  Graefe  operation.  He 
claims  tliat  this  method  does  not  interfere  with  the  capsule  of  Tenon  or  with  the  indirect 
insertion  of  the  muscle  in  its  connection  with  the  capsule. 

In  order  to  increase  the  effect  of  a  tenotomy,  in  certain  cases  Knapp 
inserts  a  suture  through  the  superficial  layers  of  the  .sclera  at  the  outer  side 
of  the  eye  and  passes  it  through  tlie  skin  beyond  the. outer  can  thus,  where  it 
is  tied  and  allowed  to  remain  a  few  hours.  If  insufficient  effect  is  found  to 
exist  the  day  after  the  operation,  it  can  be  remedied  in  .some  cases  by  again 
cocainizing  the  eye  and  opening  the  wound,  and  passing  the  hook  under  the 
tendon  and  sej)arating  it  from  the  sclera. 

There  is  a  marked  difference  in  the  size  and  strength  of  internal  recti 
mu.scles.  Tlie  hook  can  be  readily  pushed  beneath  most  of  them,  but  occa- 
sionally a  tendon  is  founil  which  is  thick  and  broad,  and  apparently  drawn 
very  tightly  over  the  sclerotic,  and  which  presents  an  unusual  amount  of 
resistance.  In  such  cases  only  the  point  of  a  hook  can  be  inserted  under- 
neath the  tendon,  which  must  be  severed  by  successive  short  snips.  In  these 
cases  there  is  danger  of  perforating  the  sclerotic. 

Choice  of  Operation. — It  is  probable  that  most  of  the  tenotomies  of  the 
internal  rectus  are  performed  either  by  Graefe's  or  Critchett's  method.  The 
judgment  and  experience  of  the  operator  will  be  his  guide  in  choosing  the  one 
best  suited  to  each  individual  case.  The  writer  prefers  the  subconjunctival 
operation. 

{d)  Tenotomy  of  an  Externus. — This  is  accomplished  in  a  manner 
identical  with  that  described  in  connection  with  the  internus.  The  external 
rectus  is  inserted  farther  from  the  cornea  (7  to  8  mm.)  than  the  internus  its 
insertion  is  not  so  broad,  and  it  is  more  lax  than  the  inner  muscle.  The 
effects  of  its  division  are  not  so  marked  as  those  seen  after  tenotomy'of  the 
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interiius,  and  hence  are  often  disappointing.    Not  infrequently  it  is  necessary 
to  tenotoiuize  both  extern!  sinndtaneously. 

(e)  Gruening's  Method. — In  absolute  divergent  strabismus  Dr.  Gruening 
tenotomizes  both  external  recti  at  one  sitting,  as  follows : 

Where  the  divergence  is  not  more  than  2  mm.  the  tendons  are  divided  at  their  inser- 
tion. Whenever  the  deviation  measures  more  than  2  mm.  the  tendons  are  divided  at  a 
distance  from  their  insertion,  this  distance  corresponding  to  the  degree  of  squint. 
When  the  deviation  amounts  to  5  mm.  by  the  corneal  reflex,  botli  tendons  are  divided 
at  that  distance  from  the  points  of  insertion.  After  closing  the  conjunctival  wound  a 
silk  suture  is  passed  through  the  conjunctiva  over  both  interni  muscles  in  a  line  with 
the  horizontal  meridian  of  the  cornea,  and  tied  over  a  pledget  of  cotton  on  the  bridge 
of  the  nose.    This  position  is  maintained  twenty-four  hours. 

(/)  Tenotomy  of  the  Superior  and  the  Inferior  Rectus. — In  operating 
on  the  superior  and  the  inferior  rectus  muscles  the  same  precautions  are  required 
as  in  operations  on  the  internal  and  external  muscles.  It  is  better  to  employ 
the  open  method  by  cutting  down  upon  and  exposing  the  insertion  of  the 
tendon. 

II.  Graduated  or  Partial  Tenotomy. — Operations  on  the  internal, 
external,  and  vertical  nuisclos  for  esophoria,  exophoria,  and  hyperphoria  are 
made  by  partial  or  graduated  tenotomies,  as  devised  by  Dr.  Geo.  T.  Stevens. 
The  tendon  of  the  muscle  is  partially  severed,  and  then  a  test  of  the  effect 
produced  is  made  and  the  operation  continued  until  the  desired  result  is 
obtained.    Dr.  Stevens  operates  as  follows : 

If  the  right  internus  is  to  be  operated  upon,  the  patient  is  directed  to  turn  his  eyes 
well  to  the  right.    The  surgeon,  with  a  pair  of  fine  forceps  (Fig.  406,  A,  £),  takes  a 
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Fig.  406.— Instruments  used  in  graduated  tenotomy. 


minute  fold  of  the  conjunctiva  at  the  center  of  insertion  of  the  tendon.  Drawing 
this  little  fold  of  conjunctiva  slightly  away  from  the  eyeball  with  the  extreme  point 
of  the  tenotomy -scissors  (Fig.  406,  C),  the  operator  snips  the  fold  transversely,  so 
that  an  opening  J  mm.  in  extent  is  made  through  the  membrane.    Now  the  forceps, 
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the  points  being  closed,  are  pressed  into  the  little  opening  and  slightly  backward,  where 
the  points  are  permitted  to  spring  apart,  after  which  they  are  again  closed,  this  time 
holding  a  small  fold  of  the  tendon  just  behind  the  insertion.  This  being  put  upon  the 
stretch,  the  scissors  bv  little  snips  dissect  the  tendon  irom  the  eyeball  between  the 
layers  of  the  capsule  (which  should  remain  intact)  toward  one  border  of  the  insertion. 
Then  the  tendon  is  cut  toward  the  other  border  of  its  insertion.  After  this  the  tests  for 
adduction  and  abduction  are  made,  and  further  operative  interference  regulated  accord- 
ing to  tlie  results.  In  like  manner,  the  tendon  of  the  external,  superior,  or  inferior 
rectus  may  be  partially  divided. 

This  operation  lias  received  comnieiKlaliou  and  criticism,  and  it  is  open 
to  both.  It  is  suitable  to  cases  where  a  very  slight  effect  is  desired.  The 
fact  that  it  has  to  be  repeated  several  times  is  an  argument  against  it,  and  in 
favor  of  a  more  pronounced  effect  which  can  be  gained  in  one  or  two  partial 
tenotomies. 

III.  Advancement  or  Readjustment  and  Resection. — In  this 
operation  the  tendon  of  a  rectus  muscle  is  brought  forward  to  a  new  attach- 
ment. 

(a)  Advancement  to  Correct  Faulty  Strabismus  Operations. — Oper- 
ations for  advancement  after  squint  operations  present  difficulties  and  com- 
plications not  found  in  otlier  cases.  The  conjunctiva  over  the  incision  is 
generally  firmly  cicatrized  to  the  subconjunctival  tissue  and  sclera.  This 
may  be  due  to  the  fact  that  the  original  incision  was  not  closed  by  a  suture 
and  that  the  exposed  scleral  surface  had  granulated.  Again,  the  insertion  of 
the  muscle  is  sometimes  very  thin  and  cord-like,  and  is  attached  to  the  sclera 
by  a  mere  thread.  The  retraction  of  the  muscle  may  have  been  very  great, 
and  one  must  search  carefully  for  its  new  and  abnormal  insertion. 

First,  the  cicatricial  surface  should  be  denuded  by  cutting  away  this  tissue  until  the 
sclera  is  exposed  and  the  muscle  brought  into  view.  A  hook  is  now  passed  beneath  the 
muscle,  which  is  raised  up  until  it  can  be  seized  with  catch-forceps,  when  its  insertion 
is  severed.  If  the  muscle  is  atrophied  and  cord-like,  it  will  be  necessary  to  insert  the 
needles  very  far  back  in  order  to  secure  the  necessary  ])urchase,  and  the  difficulties  of 
passing  the  needles  under  these  conditions  are  sometimes  very  considerable,  owing  to 
the  cicatrization  above  mentioned.  If  the  muscle  is  thin,  a  thread  armed  with  three 
needles,  as  described  elsewhere  (de  Wecker's  advancement  operation,  see  below),  should 
be  used;  but  where  it  is  broad  enough  for  the  insertion  of  one  thread  through  its  upper 
and  another  through  its  lower  border,  this  is  the  better  plan  to  adopt,  because  it  spreads 
the  muscle  and  gives  it  a  more  secure  attachment  to  the  sclera.  Both  eyes  should  be 
bandaged  for  two  or  three  days  after  the  operation.  As  soon  as  the  eye  is  firmly  fixed 
in  its  new  position,  providing  no  inflammation  has  ensued,  both  eyes  should  be  opened 
and  the  patient  allowed  to  walk  as.  usual  around  the  ward  or  house. 

(b)  De  Wecker's  Method  of  Advancement. — De  Wecker's  operation 
is  performed  in  the  following  manner  : 

A  vertical  incision  is  made  in  the  conjunctiva  close  to  the  cornea,  and  the  subcon- 
junctival tissue  cut  away  until  the  tendon  of  the  muscle  is  exposed.  One  branch  of  a 
de  Wecker's  clamp  is  now  passed  under  the  tendon  of  the  muscle,  and  when  it  is  in  the 
proper  position  the  other  branch  is  pressed  down,  thus  holding  it  by  the  forceps  (Fig. 
407).  The  tendon  is  now  severed  close  to  the  sclera,  and  an  exploration  is  made  with 
a  small  hook  to  ascertain  whether  any  fibers  or  offshoots  of  the  muscle  remain.  A  thread 
armed  with  three  needles,  one  in  the  middle  and  the  other  two  not  far  from  the  ends  of 
the  suture,  is  prepared  for  the  second  stej)  of  the  operation.  The  middle  needle  is 
passed  through  the  center  of  the  tendon  from  its  under  surface,  and  comes  out  through 
the  conjunctiva.  The  location  of  this  stitch  is  regulated  by  the  effect  to  be  produced 
being  inserted  nearer  the  caruncle  when  more  effect  is  desired.  The  two  needles  are 
then  passed  deeply  under  the  conjunctiva,  coming  out  in  the  vertical  meridian  of  the 
eye  at  a  distance  of  4  mm.  from  the  cornea,  one  above  and  the  other  below\  The  clamp- 
forceps  are  now  removed,  and,  if  the  muscle  is  to  be  shortened,  that  portion  of  the 
muscle  within  the  clamp  is  severed.  The  middle  needle  having  been  cut  off  and  the 
others  also  removed,  the  two  sutures  are  tied  as  follows :  The  operator  and  his  assistant 


SCHWEIGGER'S  OPERATION  OF  RESECTION,  ETC.  591 


■each  take  one  of  the  threads  and  simultaneously  tighten  them.  When  the  desired  posi- 
tion has  been  attained  tlie  knots  are  tied  and  the  ends  of  the  thread  cut  ott'.  An  over- 
correction is  made,  because  after  removal  of  the  threads  the  tendon  recedes  from  the 
original  position. 

If  after  two  or  three  days  there  is  an  over-correction,  the  threads  are  removed,  and, 


Fig.  407.— De  Wecker's  advancement. 


after  cocainizing  the  eye,  a  delicate  hook  is  introduced  into  the  wound  and  the  attach- 
ments of  the  muscle  loosened  sufficiently  to  overcome  the  defect.  If  this  is  not  neces- 
sary, the  stitches  are  allowed  to  remain  until  the  fifth  or  sixth  day. 

(e)  Noyes's  Operation  for  Advancement. — Dr.  Noyes  describes  his 
■operation  as  follows  : 

"Suppose  the  right  rectus  internus  is  to  be  advanced.  The  right  rectus  externus  is 
first  divided  ;  then  seize  the  insertion  of  the  rectus  internus  with  fixation-forceps,  taking 
a  deep  bite  to  include  all  that  can  be  lifted;  sever  the  insertion  freely,  and  cut  down 
above  and  below  into  the  conjunctiva  to  the  extent  of  10  to  15  mm.;  have  the  forceps 
fast  to  the  tissues  by  sliutting  the  spring  catch,  lay  it  aside  and  then  remove  a  vertical 
oval  of  conjunctiva  in  front  of  the  insertion,  leaving  a  strip  6  mm.  wide  next  the  cornea. 
Lift  the  muscle  and  pass  a  curved  needle  from  within  outward  at  its  middle  and  as  far 
back  as  the  proposed  effect  will  demand.  With  the  needle  in  place  cut  oft"  superfluous 
material  in  front  of  it,  and  then  draw  it  through.  The  other  two  needles  are  introduced 
in  succession  and  the  tissues  in  front  are  cut  off.  This  is  done  to  avoid  the  danger  of 
cutting  oft  the  sutures.  We  now  have  three  threads  through  the  muscle-fascia  and  con- 
junctiva. The  needles  at  the  other  ends  of  the  thread  are  next  to  be  passed  forward 
beneath  the  remaining  conjunctival  strip,  taking  hold  of  the  outer  layer  of  the  sclera, 
so  that  the  points  emerge  at  the  limbus  cornese.  The  middle  thread  is  tightened  first, 
and  then  the  others  in  succession.  The  double  knot  is  not  tied  until  the  threads  have 
been  successively  tightened,  and  the  eye  is  in  a  proper  position.  If  there  is  much 
crumpling  of  tissue,  it  must  be  cut  away,  leaving  the  parts  smooth.  The  stitches  are 
allowed  to  remain  from  four  to  seven  days.  A  bandage  is  api)lied  for  twenty-four  or 
forty-eight  hours." 

The  author  does  not  think  It  necessary,  excc])t  in  rare  cases,  to  cut  away 
the  conjunciiva  as  recomniendetl  above.  He  has  found  that  it  usually  smooths 
down  in  a  short  time. 

(d)  Schweig'g'er's   Operation    of    Resection    of   a   Rectus  Muscle.^ 

Schweigger  incises  the  conjunctiva  vertically,  as  well  as  the  tissue  of  Tenon's  capsule 
over  the  insertion  of  the  muscle  to  be  advanced.  A  hook,  curved  on  the  flat  and  with 
an  olive  point,  is  passed  underneath  the  muscle  and  lifts  it,  exposing  to  view  the  entire 
tendon.  A  second  hook  is  passed  under  the  muscle  in  the  opposite  direction.  One  hook 
is  pressed  toward  the  corneal  margin  as  far  as  the  insertion  of  the  tendon  will  permit, 
and  the  other  one  to  that  point  where  it  is  desired  to  insert  the  threads,  thus  exposing 
the  muscle  from  3  to  10  mm. 
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Two  double-armed  catgut  threads  are  now  prepared.  One  needle  is  passed  under 
the  upper  edge  of  the  muscle  and  pierces  the  same  below  the  middle.  The  second  is 
passed  from  the  lower  end  and  pierces  the  muscle  above  its  middle.  Each  thread  is 
then  tied,  thus  including  the  entire  muscle.  The  amount  to  be  tied  ofi"  is  measured  with 
a  millimeter  rule.  That  portion  of  the  muscle  between  the  catgut  threads  and  its  inser- 
tion is  then  resected.  Then  the  two  needles  are  passed  through  the  insertion  or  stump 
of  the  muscle  and  superficially  through  the  sclera.  Both  the  threads  are  now  tied  and 
cut  otr  and  the  conjunctival  wound  closed  with  silk  sutures.  The  antagonistic  muscle  is 
always  tenotomized  before  the  sutures  in  the  muscle  to  be  advanced  are  tightened. 

(e)  Prince's  Single-suture  Advancement. — Dr.  A.  E.  Prince  has 
devised  what  he  calls  the  "pulley  operation."  An  anchor  or  pulley  loop  is 
made  in  the  dense  episcleral  tissue  about  1  mm.  from  the  corneal  margin. 
The  sutures  inserted  into  the  muscle  are  passed  througli  tliis  loop,  and,  being 
fixed  and  solid,  it  atlords  an  imyielding  point  of  resistance.  This  method 
was  later  modified  by  its  author  to  a  single-suture  operation,  which  is  per- 
formed in  the  following  manner  : 

A  conjunctival  incision  is  made  over  and  parallel  to  the  attachment  of  the  tendon  of 
the  muscle  to  be  advanced.  The  tendon  is  secured  by  an  advancement-forceps  (Fig.  408), 
separated  from  the  sclera,  and  advanced,  allowing  the  conjunctiva  to  retract.  Two  slender 
eye-needles  (Tiemann  No.  25)  on  either  end  of  a  No.  3  iron-dyed  silk  suture  are  passed 
from  within  outward,  perforating  the  capsule,  muscle,  and  conjunctiva  at  a  variable 
point  depending  upon  the  amount  of  displacement  to  be  effected,  thus  securing  the 
middle  portion  of  the  muscle  in  a  sling  from  whicii  it  can  neither  slij»  nor  escape.  With 
the  exception  of  cases  requiring  a  small  amount  of  advancement  of  the  muscle,  as  those 
in  which  the  suture  is  used  as  a  control  to  j)revent  an  over-correction  following  a  tenot- 
omy, the  portion  of  the  tendon  in  the  grasp  of  the  forceps  is  exsected  about  2  mm. 
anterior  to  the  sling.  The  sclera  being  now  fixed,  preferably  with  Critchett's  short  fix- 
ation-forceps, an  unyielding  anchorage  in  the  form  of  a  fibrous  pulley  is  secured  in 


Fig.  408. — Prince's  ;i(lvanccm(Mit-(Virceps. 


Fig.  401).— Prince's  advancement. 


line  with  the  rectus  by  introducing  either  needle  into  the  dense  episcleral  tissue  2  mm. 
from  the  sclero-corneal  junction  (Fig.  409). 

Both  ends  of  the  suture  are  now  brought  together,  forming  the  first  portion  of  a  sur- 
gical knot,  and  tightened  to  effect  a  slight  over-correction.  This  suture  is  permitted  to 
remain  four  days,  unless  it  is  desired  to  diminish  the  effect,  which  may  be  safely  done 
after  forty-eight  hours  by  removing  the  suture  and  opening  the  wound  with  a  small 
strabismus-hook.    Tenotomy  of  the  opposing  muscle  is  made  as  in  other  operations. 

This  operation  is  better  than  the  one  first  described  by  Dr.  Prince,  and  gives  very 
satisfactory  results.  ' 
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Dr.  E.  E.  Holt  has  devised  a  soiiicwhat  similar  operation.^ 

(/)  Landolt's  Operation  for  Advancement. — Laudolt  is  a  firm  believer 
"  in  the  incomparable  superiority  of  the  advancement  of  the  muscle  over  its 
setting  back."  He  says  :  "  There  is  more  than  one  good  method  which  leads 
to  the  same  end.  Tlie  essential  point  in  all  advancements  consists  in  always 
bringing  the  muscle  and  its  surrounding  part  as  near  the  cornea  as  possible, 
and  firmly  fixing  them  there." 

After  exposing  the  muscle  the  surgeon  inserts  two  threads,  one  through  the  upper 
unci  one  through  the  h^wer  border  of  the  muscle,  more  or  less  behind  its  iittacliment  ac- 
cording to  the  effect  desired.  After  division  of  the  tendon  the  threads  are  passed  under 
the  superior  and  inferior  borders  of  the  cornea,  and,  when  necessary,  as  far  as  its  vertical 
diameter.  The  threads  are  then  knotted,  bringing  the  tendon  forward  toward  the 
corneal  margin.  An  assistant  turns  the  eyeball  in  the  direction  of  the  muscle  to  be 
advanced.  Wlien  resection  of  the  muscle  is  necessary,  allowance  fortius  is  made  before 
the  muscle  is  cut  off,  and  then  that  portion  of  the  muscle  still  adherent  to  the  tendon  is 
removed. 

Landolt's  argument  for  advancement  is  that  "  it  causes  the  eye  to  enter  its 
muscular  investment,  from  which  the  tenotomy  causes  it  to  escape."  He 
does  the  operation  in  cases  of  strabismus  in  pr(>ference  to  tenotomy.  Since 
advancement  is  so  seldom  followed  by  any  reaction,  he  believes  that  it  will 
come  into  more  general  use  for  strabismus. 

The  writer  believes  that  this  method  of  operating  will  be  and  should  be 
more  generally  adopted.  With  the  present  aseptic  precautions,  it  is  no  more 
dangerous  than  a  simple  tenotomy,  although  more  difficult.  The  final  cosmetic 
results  will  be  more  satisfactory.  It  better  preserves  the  function  of  the 
muscle  and  prevents  any  advancement  of  the  eye. 

[g)  Stevens's  Operation  of  Tendon-shortening  or  Advancement. — Dr. 

Stevens's  operation  for  advancement  is  as  follows  :  The  opening  in  the  conjunctiva  is 
the  same  as  for  tenotomy  (page  589).  Then,  lifting  the  border  of  the  conjunctiva  nearest 
the  cornea  by  the  fine  forceps,  a  little  pocket  is  made  by  the  points  of  the  scissors  or  the 
lance-probe  (Fig.  406,  D),  extending  under  the  conjunctiva  more  or  less  toward  the 
cornea  in  proi)ortion  to  the  greater  or  less  eflFect  which  we  propose  to  induce.  The 
forceps  seizes  the  central  portion  of  the  tendon,  and  it  is  dissected  from  the  eyeball 
entirely  or  partially  as  the  case  may  be.  The  fine  tendon  crochet  (Fig.  406,  F)  or  the 
fixation-forceps  with  catch  now  seizes  the  tendon  behind  the  section  and  draws  it 
forward  through  the  conjunctival  opening,  when  one  needle  on  a  double-armed 
thread  is  ])assed  through  the  central  portion  of  it  from  ^  to  1  mm.  behind  the  cut  ex- 
tremity. The  other  needle  is  made  to  penetrate  the  conjunctiva  at  the  extreme  end  of 
the  pocket  and  the  thread  drawn  through.  Another  thread  is  inserted  in  a  similar 
manner  a  little  to  one  side  of  the  first,  in  order  to  allow  between  the  two  threads  a  little 
bridge  of  tissue.  Now  the  surgeon  draws  ui)on  the  ends  of  the  threads,  forcing  the  cut 
end  of  the  tendon  into  the  little  pocket,  and  fastens  the  threads  by  tying  them  across 
the  little  bridge.    The  sutures  are  removed  on  the  third  or  fourth  day. 

Choice  of  an  Operation. — TIic  choice  of  an  operation  will  depend  much 
on  the  method  one  has  practised  or  has  seen  practised.  No  one  method  has 
all  the  good  qualities  to  recommend  it,  but,  as  all  are  intended  to  accomplish 
the  same  purpose,  the  surgeon  can  choose  the  one  best  suited  to  his  own 
ideas.  The  method  of  resecting  the  muscle  as  performed  by  Schweigger, 
Noycs,  and  others  produces  excellent  results.  In  this  way  the  muscle  is  per- 
manently shortened,  and  the  cut  end  of  the  muscle  attaches  itself  to  the 
sclera  at  the  ])oint  where  tiie  original  insertion  existed.  It  is  not,  however, 
always  necessary  to  resect  the  muscle.  In  Noyes's  ojieration  the  thread  is 
passed  underneath  the  conjunctiva  of  the  severed  muscle.  It  is  probable 
that  the  Noyes  operation  is  freer  from  the  possibilities  of  danger  than 

^  Transactions  of  Am.  Ophth.  Society,  vol.  iv.  p.  123. 
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Schweigfrer's,  owing  to  the  (lt'e]>  insertion  of  the  needle  in  tlie  sclera  in  the 
latter.  The  former  is  the  one  the  writer  prefers,  bnt  he  considers  the  two 
tiireads  in  the  npper  and  lower  edges  of  the  muscle  sufHcient,  without  the  use 
of  the  third  or  middle  thread.  In  the  limited  space  allowed  it  has  been  im- 
possible to  mention  many  of  the  operations  devised  by  different  surgeons.  A 
choice  had  to  be  made  from  the  many,  and  it  has  been  done  without  any 
intended  discourtesv  to  those  omitted. 

1  \\  Advancement  of  the  Capsule  ;  de  Wecker's  Method.— This 
operation  is  performed  as  follows  : 

A  vertical  incision  as  lon^  as  tlic  corneal  diameter  is  made  through  the  conjunctiva 
over  the  tendon.  The  excision  of  a  halfmoou-shaped  piece  of  conjunctiva  is  only  neces- 
sarv  in  very  hitrh  degree  of  deviation.  An  opening  in  tlie  capsule  is  made,  and  through 
this  the  hook  is  inserted  from  above  downward.  The  hook  is  passed  completely  under 
the  tendon  until  its  point  is  free  on  tlie  opposite  side.  At  the  same  time  the  capsule  is 
incised  above  and  below.  Next,  two  double-armed  threads  are  employed  in  the  follow- 
ing way  :  One  end  of  the  thread  is  passed  through  the  incision  in  the  capsule  from  the 
inner  surface,  so  tliat  it  pierces  muscle,  cai)sule,  and  conjunctiva.  The  point  at  which 
the  muscle  is  pierced  is  regulated  by  the  effect  to  be  ])roduced.  Tlie  other  end  of  the 
thread  is  carried  through  the  incision  under  Tenon's  capsule  forward  toward  the  corneal 
margin,  through  tlie  superficial  layers  of  the  sclera,  until  it  emerges  from  the  conjunctiva 
at  the  vertical  meridian  of  the  eye,  about  5  mm.  from  the  cornea.  There  the  two 
threads  are  tied  simultaneously  by  the  operator  and  his  assistant.  A  surgical  knot  is 
first  made,  and  when  the  eye  is  in  position  the  double  knot  is  completed.  The  con- 
junctiva is  then  closed  by  three  sutures. 

Knnjip  modifies  this  operation  by  the  use  of  a  third,  middle  suture  passed 
through  the  equatorial  flap  of  the  conjunctiva,  through  the  tendon  (which  was 
held  up,  drawn  forward,  and  folded  with  a  squint-hook),  underneath  the 
S(|uint-hook,  and  through  the  episcleral  tissue  and  the  flap  of  conjunctiva 
near  the  cornea. 

Advancement  of  the  capsule  is  inferior  to  the  advancement  or  resection 
operations  described  above.  It  leaves,  for  a  wdiile  at  least,  an  ugly  knot  or 
elevation  under  the  conjunctiva,  and  its  final  results  are  not  as  certain  and 
free  from  danger  as  other  methods. 

Accidents  and  Complications. — Subconjunctival  hemorrhage  is  more  or 
less  abundant  in  every  case  of  tenotfimy  or  advancement,  but  it  is  readily 
absorbed  and  needs  no  treatment  other  than  the  use  of  hot  fomentations, 

Retrohidbar  heinorrhaije  or  hemorrhage  into  Tenon'.s  capsule  occurs  occa- 
sionally. It  is  not  likely  to  lead  to  serious  results,  but  may  vitiate  the 
immediate  effects  of  the  operation.  A  compress-bandage  should  be  applied 
over  the  eye,  and  on  this  iced  compresses  laid  and  changed  frequently. 
Retrobulbar  hemorrhage  may  be  caused  by  vomiting  during  anesthesia. 

Granulations  occasionally  spring  from  the  incision  in  the  conjunctiva. 
They  are  readily  controlled  by  snijiping  them  off'  with  scissors  close  to  the 
sclera  or  touching  them  with  a  crystal  of  cop])er  suljihate  or  alum.  Dr. 
Noyes  reports  a  case  where  di]>htheritic  inffammation  attacked  the  wound 
after  a  strabismus  operation,  and  resulted  in  divergence. 

Ulceration  of  the  margin  of  the  cornea  from  the  end  of  the  thread,  which 
was  cut  off  too  long,  occurred  in  the  experience  of  the  wa-iter.  It  was 
promptly  relieved  by  cutting  off  the  thread.  The  breaking  of  a  thread 
during  an  advancement  ojieration  is  a  very  uncomfortable  accident.  It 
should  be  avoided  by  carefully  testing  the  thread,  which  should  be  strong 
enough  to  stand  the  traction. 

Fanophthalmitis  and  orbital  infiammation  have  been  known  to  follow 
advancement  operations,  but  the  occurrence  is  extremely  rare.  Perforation 
of  the  sclerotic  during  the  operation  for  strabismus  occurs  occasionally,  even 
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in  the  hands  of  the  most  skilful  operators.  Cases  are  reported  by  Drs. 
Hasket,  Derby,  Knapp,  E.  Williams,  and  others.  Panophthalmitis  has 
followed  this  accident. 

Instruments  and  dressings  for  an  ordinar}-  tenotomy  of  one  of  the  recti 
muscles  are — a  spring  speculum,  two  pairs  of  iixation-forceps  (Fig.  410),  two 
strabismus-hooks  (Fig.  411),  the  one  smaller  than  the  other,  two  pairs  of 
scissors,  one  curved  (Fig.  412)  and  one  straight  (Fig.  413),  a  needle-holder 
(Fig.  414),  and  two  or  three  needles  threaded  with  fine  black  silk  which 


Fig.  410.— Fixation-forceps.  Fig.  411.— Strabismus-hooks. 

has  been  waxed,  absorbent  cotton  sponges,  and  dry  absorbent  cotton,  fine 
gauze  bandages,  and  a  compress. 

As  the  cornea  becomes  dry  during  exposure  from  the  influence  of  cocain, 


Fig.  412.— Curved  sci.ssors.  Fig.  413.— Strabismus-scissors. 


it  is  well  to  have  a  dropper  and  some  sterilized  water  in  a  glass  dish  close  by, 
so  that  the  cornea  can  be  moistened  in  case  it  is  necessary. 

For  advancement  operations,  in  addition  to  the  above,  it  is  necessary  to 


Fig.  414.— Needle-holder. 

have  long  black  silk  thread  or  catgut  sutures,  armed  with  two  or  three 
needles,  as  described  in  the  various  methods  devised  by  different  operators. 

Local  anesthesia  by  cocain  is  much  more  desirable  than  general  anesthesia, 
for  the  reason  that  the  effects  can  be  at  once  tested  and  any  under-  or  over- 
correction remedied ;  but  in  children  it  may  be  necessary  to  administer  an 
anesthetic.  It  is  especially  desirable  to  operate  for  advancement  under 
cocain,  for  we  want  the  aid  of  the  patient  to  determine  the  effect  produced. 
Eucain  is  recommended  by  Silex  in  squint  operations. 
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By  SAMUEL  THEOBALD,  M.  D., 

OF  BALTIMORE,  MD. 


Removal  of  the  Ivachrymal  Gland. — This  may  be  accomplished  by 
either  of  two  procedures : 

The  gland  may  be  exposed  by  an  incision  through  the  integument  of  the  upper  lid 
parallel  with  the  orbital  margin,  drawn  out  by  means  of  a  tenaculum  and,  with  a  knife 
or  scissors,  separated  from  its  attachments.  The  objection  to  this  metliod  is  that  it 
involves  a  more  or  less  complete  division  of  the  levator  palpebrae  superioris  muscle, 
which  may  result  in  the  production  of  ptosis. 

The  other,  and  probably  better,  plan,  suggested  by  Velpeau,  is  to  divide  the  external 
canthus,  evert  the  upper  lid,  and  cut  down  upon  the  ghand  from  the  superior  conjunctival 
cul-de-sac.  This  method  does  not  endanger  the  integrity  of  the  levator  muscle,  and 
leaves  a  less  conspicuous  scar  tlian  the  first-described  procedure. 

Bowman's  Operation  for  Fistula  of  the  I^achrymal  Gland. — 

The  purpose  of  this  opcrMtion  is  to  convert  an  external,  cutaneous  fistula  into 
one  opening  into  the  conjunctival  sac,  and  hence  causing  little  or  no  annoy- 
ance. 

A  threaded  needle  is  passed  a  short  distance  into  the  fistula,  and  is  then  made  to 
transfix  the  lid,  being  brought  out  upon  its  conjunctival  surface.  A  second  needle, 
upon  the  other  end  of  the  thread,  is  next  passed  through  the  lid  at  a  point  close  to  the 
orifice  of  the  fistula.  The  two  ends  are  then  tied  tightly,  and  the  thread  is  left  to  cut 
its  way  out.    To  promote  the  closure  of  the  external  fistula  its  edges  are  freshened. 

Division  of  the  Canaliculus. — In  performintj:  this  operation  it  is 
inn)ortant  that  the  edge  of  the  knife  should  not  be  inclined  forward ;  other- 
wise a  slight  perceptible  deformity  will  result,  and,  besides,  the  position  of  the 
divided  canaliculus  will  not  be  the  most  favorable  for  carrying  off  the  tears. 
Weber's  beak-])ointed  canaliculus-knife  (Fig.  415),  or  the  modification  of  it 
shown  in  Fig.  416,  is  usually  employed. 


Fig.  415.— Weber's  beak-pointert  canaliculus-knifo. 


Fig.  416.— Probe-pointed,  straight  canaliculus-knife. 


The  operator  should  stand  behind  the  patient,  letting  the  patient's  head  (covered 
with  a  napkin)  rest  against  his  chest,  the  left  hand  being  used  for  the  left  eye  and  the 
right  hand  for  the  right  eye.  The  lid  being  kept  upon  the  stretch  with  the  thumb  of 
the  opposite  hand,  the  probed  tip  of  the  canaliculus-knife  is  introduced  vertically  into 
the  punctum  (which,  together  with  the  canaliculus,  should  have  been  dilated  previously 
by  the  passage  of  one  or  two  of  the  smallest-sized  probes),  and  then,  the  direction  of 
the  knife  having  been  changed,  it  is  passed  horizontally  along  the  canaliculus  until  its 
progress  is  arrested  by  the  inner  wall  of  the  lachrymal  sac  (Fig.  417).  This  point  having 
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been  reached,  and  the  edge  of  the  knife  being  directed  upward  or  upward  and  slightly- 
backward,  the  lid  being  kept  still  on  the  stretch,  the  canaliculus  is  divided  by  simply- 
elevating  the  handle  of  the  knife.  If  the  operation  is  done  as  a  preliminary  step  to  the 
introduction  of  lachrymal  probes,  the  canaliculus  should  be  divided  well  up  to  its  junc- 
ture with  the  sac ;  but  if  done  for  some  other  purpose,  such  as  eversion  of  the  punctum 
or  stricture  of  the  canaliculus,  it  may  not  be  necessary  to  carry  the  division  quite  to  this 
point. 

The  edges  of  the  divided  canaliculus  usually  show  for  several  days  a  disposition  to 
grow  together,  and  to  overcome  this  they  must  be  sej)arated  every  day  or  every  other 
day  by  the  passage  of  a  greased  probe.  A  few  instillations  of  cocain  render  the  opera- 
tion of  division  of  the  canaliculus  almost  painless. 

The  foregoing  description  applies  especially  to  division  of  the  lower  canaliculus; 
but  the  upper  canaliculus,  which,  in  the  writer's  experience,  seldom  needs  to  be  divided, 
may  be  operated  upon  by  essentially  the  same  procedure. 


Fig.  417. — Passage  of  canaliculus-knife. 


Bxcision  of  the  I/achrymal  Sac. — Owing  to  the  delicate  structure 
of  the  walls  of  the  sac,  this  is  not  an  operation  easy  of  performance. 

A  vertical  incision  of  sufficient  length  is  made  through  the  skin  and  the  internal 
palpebral  ligament  down  to  the  sac,  which  is  then  dissected  out  as  carefully  and  com- 
pletely as  possible  with  a  scalpel  or  a  pair  of  blunt-pointed  scissors.  After  this  the 
cavity  left  by  the  removal  of  the  sac  and  the  upper  part  of  the  nasal  duct  are  scraped 
with  a  sharp  spoon,  and,  the  wound  having  l)een  cleansed  with  an  antiseptic  solution, 
the  edges  of  the  incision  are  closed  accurately  with  stitches  and  a  suitable  aseptic 
dressing  applied. 

Destruction  of  the  lyachrymal  Sac  by  Caustic  Agents,  etc. — 

Destruction  of  the  lachryjiial  sac  by  the  actual  cautery  is  an  operation  of 
classical  origin,  ha\  iug  been  practised  by  tlie  Komaus  nearly  two  thousand 
years  since.  In  more  recent  times  tiic  obliteration  of  the  sac  has  been  effected 
by  the  use  of  caustic  agents,  such  as  nitrate  of  silver,  clilorid  of  zinc,  nitric 
acid,  Vienna  paste,  caustic  potash,  etc.,  'ind  still  more  recently  by  the  thermo- 
cautery and  the  galvano-cautery.  Tlie  merit  claimed  for  tliis  procedure  (and 
also  for  excision  of  the  sac)  is  that  it  not  only  relieves  the  patient  of  the 
dacryocystitis  and  its  unpleasant  consequences,  but  that  in  some  cases  it  cures 
the  epiphora  through  the  inhil)itory  influence  which  it  appears  to  exert  upon 
the  activity  of  the  lachrymal  gland. 

The  usual  method  of  performing  this  operation  is  to  make  a  free  incision  into  the 
sac  through  the  external  integument  and  the  palpebral  ligament,  and  through  this  to 
introduce  the  caustic  or  the  tip  of  the  galvano-  or  thermo-cautery,  a  Manfredi's  spec- 
ulum being  employed  to  protect  the  lips  of  the  incision. 
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Introduction  of  I/achrymal  Probes. — Small  j^robes  are  sometimes 
passed  throuti'li  tlie  uiulivided  eaiialiciiliis  (to  overcome  occlusion  of  the 
puiicta,  etc.),  but  division  of  the  canalicnliis  always  precedes  tlie  passage  of 
probes  for  the  cure  of  occlusion  of  the  nasal  duct.  Cocain  lessens,  but  does 
not  entirely  do  away  witli,  the  ]min.  It  should  always  be  used,  however,  and 
the  probe  should  be  anointed  with  vaselin  containing  10  :100  of  cocain. 

The  writer  prefers  to  stand  behind  the  patient,  using  the  left  hand  for  the  left  eye 
and  the  right  liand  for  the  right  eye,  as  in  division  of  tlie  canaliculus,  since  the  patient's 
head  can  be  more  easily  steadied  in  this  position.  The  probe  is  passed  horizontally 
along  the  canaliculus,  the  lid  being  kept  upon  the  stretch 
with  the  thumb  of  the  opposite  hand,  until  its  point  comes 
in  contact  with  the  inner  wall  of  the  lachrymal  sac;  it  is 
then  turned  into  a  vertical  position  and  passed  slowly 
through  the  duct  until  the  floor  of  the  nose  is  reached 
(Fig.  418).  No  especial  difliculty  attends  the  introduction 
of  the  large  probes  commended  by  the  writer,  provided 
they  are  properly  constructed.    It  is  of  the  first  impor- 


FiG.  418.— Introduction  of  lachrymal  probe. 


Fig.  419.-Theobald's  lachrymal  probe. 


tance  that  their  tips  should  not  be  too  square  and  blunt.  The  accompanying  illustration 
(Fig.  419),  which  represents  the  actual  size  of  the  largest  probe  of  the  series,  Nos.  15 
and  16,  shows  the  proper  shape  of  the  ends  as  well  as  the  curve  which  has  been  found 
most  convenient. 


OPERATIONS  ON  THE  ORBIT. 


By  F.  duller,  M.  D., 
of  montreal,  canada. 


All.  operations  on  the  orbital  tissues  slioukl  be  performed  in  accordance 
Avith  tlie  strictest  principles  of  antiseptic  surgery.  Even  when  septic  condi- 
tions are  present,  tliey  will  in  this  way  be  favorably  modified  ;  if  absent,  the 
surgeon  will  himself  be  to  blame  if  they  follow  his  mani])ulati()ns.  It  will 
not  be  sufficient  to  take  these  precautions  merely  during  the  operation. 
Every  time  the  wound  is  dressed,  and  until  healing  has  been  fully  accom- 
plished, the  same  vigilance  is  imperative.  The  momentary  use  of  an  unclean 
probe  mav  inflict  more  injurv  than  the  disease  would  have  done  if  left  to 
itself. 

Abscess  of  the  Orbit. — If  an  ((b.^cc.s.s  has  formed  in  the  orbit,  there 
should  be  no  unnecessary  delay  in  opening  it.  For  this  purpose  a  straight, 
narrow  bistoury  may  be  used,  the  incision  being  made  at  the  point  of  greatest 
tenderness  and  swelling,  or,  if  there  be  fluctuation,  where  this  is  most  dis- 
tinct, close  to  and  jmrallel  with  the  margin  of  the  orbit.  There  need  be 
no  hesitation  about  thrusting  the  point  deeply  into  the  orbit,  but  only  the 
external  wound  should  be  wide.  An  opening  in  the  skin  and  oculo-orbital 
fascia  half  or  three-quarters  of  an  inch  in  length  is  desirable  to  relieve  ten- 
sion, unload  engorged  blood-vessels,  evacuate  pus  if  present,  and  facilitate 
kee])ing  the  wound  open  as  long  as  may  be  necessary. 

This  is  best  done  with  a  tent  of  borated  gauze  or  lint  inserted  after 
thorough  cleansing  with  some  warm  antiseptic  solution,  such  as  a  1  per  cent, 
solution  of  pheno-salyl  or  any  other  that  the  surgeon  may  prefer.  Com- 
presses of  sterilized  gauze  soaked  in  warm  solution  of  sublimate  1  :  5000  or 
boric  acid  3  per  cent.,  frequently  changed,  are  to  be  used  till  the  inflam- 
matory symptoms  subside.  The  wound  itself  and  the  eye  must  be  thoroughly 
cleansed  at  least  two  or  three  times  daily.  In  severe  cases  of  phlegmonous 
inflammation  of  the  orbit  early  and  free  iucision  before  the  formation  of 
pus,  both  above  and  below,  conducted  on  the  sauie  principles,  may  be  the 
means  of  saving  the  patient's  vision  or  even  his  life. 

Enucleation  of  the  eyeball,  eviscerations,  and  Mules' s  oper- 
ation are  described  on  pages  571-573. 

Introduction  of  an  Artificial  Eye  (Profhcsi.^  Ocx/i). — An  aiiificial 
eye  should  bo  inserted  as  soon  as  the  tissues  are  firmly  healed  and  are  able  to 
bear  the  shell,  which  is  usually  from  ten  days  to  one  month  after  the  opera- 
tion. 

In  order  to  insert  an  artificial  eye  the  upper  lid  is  seized  between  the  fin- 
gers of  the  left  hand  and  drawn  gently  down  and  out,  and  the  larger  end  of 
the  shell  is  inserted  vertically  beneath  it,  then  brought  to  a  horizontal  direc- 
tion, while  at  the  same  time  the  lower  lid  is  pulled  down,  when  the  shell  slips 
into  place.  In  order  to  remove  an  artificial  eye  the  head  of  a  large  pin  is 
inserted  beneath  its  lower  margin,  the  lower  lid  being  at  the  same  time 
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depressed,  while  the  eye  is  tipped  iij)\vard  and  forward,  when  the  pressnre  of 
the  upper  lid  will  foree  it  out.  Very  soon  i)atients  become  exceedingly 
ex})ert  in  taking-  out  and  introducing  artificial  eyes,  and  do  not  require  the 
aid  of  a  pin  in  making  the  mani})ulation  just  described. 

Until  the  tissues  become  accustomed  to  the  artificial  eye  it  should  not  be 
worn  constantly,  and  should  never  be  allowed  to  remain  in  the  socket  at 
night.  If  tlie  enamel  of  the  shell  becomes  rough,  a  new  one  should  be  substi- 
tuted. If  the  socket  or  the  stump  upon  which  the  eye  rests  becomes  irritable 
or  inflamed,  the  shell  should  be  removed  and  the  tissues  treated  with  anti- 
septic lotions  and  mild  astringents  until  they  recover  their  healthy  condition. 
It  should  be  remembered  that  badlv  fitting  artificial  eves  have  occasioned 
sympathetic  inflammation. 

Operations  for  Prothesis  in  Cases  of  Cicatricial  Orbit. — Under 
certain  circumstanees,  particularly  after  lime-bui'us  and  trachoma,  contraction 
of  the  conjunctival  sac  and  the  formation  of  cicatricial  bands  may  render  it 
impossible  for  the  patient  to  wear  an  artificial  eye.  A  number  of  oj^erative 
procedures  have  been  devised  to  overcome  these  difficulties,  but  the  results 
have  been  confessedly  disappointing.  Incisions  made  to  admit  the  shell 
always  close  by  cicatrization,  and,  if  anything,  increase  the  contraction.  A 
few  successes  have  followed  transj)lantation  of  the  conjunctiva  of  a  rabbit,  the 
skin  of  a  frog,  or  Thiersch's  graft.  Operations  based  upon  the  principles  of 
blepharoplasty  (]mge  555)  have  also  been  tried. 

Harlan's  Operation.' — In  a  case  of  cicatricial  contraction  of  the  cul-de-sac  after 
enucleation  Dr.  Harlan  ))roceeded  as  follows  :  "A  lieavy  lead  wire  was  inserted  beneath 
the  cicatricial  bands  and  passed  around  the  bottom  of  the  cavity,  and  the  ends  brought 
together  to  form  a  ring.  Way  was  made  for  the  wire  with  a  pair  of  fine  sharjj-pointed 
scissors  curved  on  the  fiat,  and  it  was  inserted  l)eliind  the  knver  band,  brought  out  at 
the  outer  canthus,  reintroduced,  and  i)assed  in  the  same  way  above.  The  wire  was  worn 
for  about  two  months,  when  it  was  cut  down  upon,  its  track  found  cicatrized,  and  the 
upper  sulcus  satisfactory.  The  lower  sulcus  was  deepened  by  reintroduction  of  a  wire. 
A  thin  leaden  shell,  formed  so  that  its  edges  would  rest  where  the  ivire  had  been,  was 
jvfterward  introduced  and  left  in  position  constantly,  except  when  the  orbit  was  cleansed 
with  boric-acid  solution.  After  the  lead  shell  had  been  worn  for  a  few  weeks,  an  artifi- 
cial eye  could  be  worn  witliout  difficulty." 

Bxenteration  of  the  orbit  is  performed  as  follows : 

The  eyeball,  if  present,  is  to  be  removed  in  the  ordinary  way.  Then  the  outer 
canthus  is  divided  to  the  orbital  margin,  the  lids  drawn  strongly  upward  and  down- 
ward respectively,  and  the  soft  tissues  back  of  them  and  the  ]ieriosteum  just  within  the 
orbital  circumference  divided  with  a  scali)el.  A  strong  ])air  of  curved  scissors  is  now 
used  to  peel  off  the  entire  periosteum  to  the  apex  of  the  cavity,  where  the  whole  mass 
is  detached  by  means  of  a  rounded  raspatorium  guided  by  the  forefinger  of  the  left 
hand.  Bleeding  from  the  ophthalmic  artery,  if  considerable,  may  be  checked  by  ])ress- 
ure  with  the  finger,  or  by  the  use  of  Paquelin's  cautery.  When  bleeding  has  ceased,  the 
writer  ap})lies  a  thin  hu'er  of  chlorid-of-zinc  paste,  spread  on  lint,  to  the  shreds  of  tissue 
left  in  the  spheno-maxillary  fissure  and  apex  of  orbit,  ))acks  the  cavity  lightly  with 
iodoform  gauze,  and  applies  a  retention  bandage.  This  dressing  may  be  allowed  to 
remain  for  .several  days. 

If  the  malignant  growth  for  which  exenteration  is  proposed  has  involved 
the  skin  of  the  lids,  these  may  recjuire  to  be  removed  more  or  less  widelv,  as 
well  as  the  orbital  structures.  The  gaping  cavity  thus  produced  mav  at  the 
same  operation  be  greatly  diminished  by  sliding  flajis  of  skin  from  the 
neighborhood  in  such  a  way  as  tf)  partly  conceal  the  deformitv,  or  bv 
Thiersch  grafts. 

Removal  of  Tumors  from  the  Orbit. — The  most  suitable  method 
of  dealing  with  orbiUd  cysts  has  already  been  mentioned  (see  page  531). 

'  Trans.  Amer.  Ophthal.  Soc,  1897,  vol.  viii.  p.  GS. 
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Foi*  nevoid  or  erectile  tumors  electrolysis  gives  the  best  results  in  young 
subjects,  and  may  be  repeated  as  often  as  necessary,  every  two  or  three  weeks. 

The  most  rapid  ett'ect  is  obtained  by  introducing  two  platinum  needles,  one  for  each 
pole.  If  the  growth  is  large,  the  needle  should  be  two  or  three  inches  in  length.  The 
skin  is  protected  by  coating  the  distal  half  of  the  needle  with  collodion.  During  the  oper- 
ation the  needle  attached  to  the  positive  pole  is  first  introduced  to  the  desired  depth 
and  held  in  sifii.  The  negative  needle  is  nuide  to  penetrate  the  tissues  in  several  places 
around  this,  in  each  of  which  it  is  held  in  position  for  two  or  three  minutes.  There  is 
some  danger  of  injury  to  the  optic  nerve  if  the  needles  are  passed  deeply  into  the  orbit. 

General  anesthesia  is  required,  and,  as  reaction  may  be  severe,  it  is  best  not  to 
attempt  too  much  during  one  sitting. 

In  adults  these  tumors  may  be  partly,  or,  if  encapsulated,  completely, 
excised,  and  in  some  cases  the  electric  caideri/  or  thermo-cauteri/  may  with 
advantage  supplement  the  knife  and  scissors. 

Osteoid  growths  springing  from  or  involving  the  roof  of  the  orbit  may  be 
removed,  but  the  operation  is  somewhat  difficult  and  decidedly  dangerous. 
A  large  percentage  of  such  cases  have  died  from  consecutive  intercranial 
disease — abscess  or  meningitis.  Many  of  these,  however,  date  from  pre- 
antiseptic  days.  If  the  bony  growth  belongs  to  the  inner  or  inferior  walls, 
the  danger  is  much  less. 

The  growth  must  be  exposed  as  freely  as  possible  by  suitable  incisions  of  the  soft 
parts  covering  it,  including  the  periosteum,  which  must  be  carefully  detached.  Then 
the  base  of  the  growth  is  attacked  with  hammer  and  chisel,  cutting  the  bone  with  tiny 
rapid  strokes  until  the  mass  is  detached. 

The  ivory-like  masses  which  sometimes  project  into  the  orbit  from  adjacent  cavities 
maybe  detached  and  "shelled  out"  by  cutting  completely  through  the  normal  bone 
immediately  around  them:  when  thus  isolated  they  inay  be  lifted  out  of  the  cavity  with 
suitable  forceps — a  procedure  which  does  not  require  much  force  in  the  absence  of  firm, 
deej)  attachments. 

Tumors  of  the  orbit  which  are  extensively  adherent  to  the  globe  or  infil- 
trate the  surrounding  tissues  cannot  be  removed  without  sacrificing  the  eye- 
ball ;  for  these  the  operation  requires  no  special  description. 

In  all  other  cases  an  attempt  may  be  made  to  spare  the  eyeball.  In  any 
doubtful  case  the  surgeon  should  have  an  understanding  that  he  may  sacrifice 
the  eyeball  if  necessary. 

Tumors  of  the  optic  nerve  may  be  reached  by  a  vertical  wide  incision  of  the  conjunc- 
tiva over  the  inner  side  of  the  globe,  detachment  of  the  internal  rectus  tendon,  which  is 
to  be  secured  and  identified  by  a  black  silk  thread,  and  held  out  of  the  way  by  an  assistant. 
With  the  closed  blades  of  curved  scissors  the  tissues  are  to  be  separated  down  to,  along, 
and  around  the  growth  quite  to  the  apex  of  the  orbit.  With  a  strabismus-hook  passed 
around  the  nerve  at  this  point  as  a  guide,  use  the  scissors  to  cut  the  nerve  close  to  the 
foramen.  Tlien  with  small  vulsellum-forceps  bring  the  growth  forward,  reversing  the 
globe,  and  detach  close  to  the  sclerotic.  Bleeding  must  be  arrested  by  pressure  with  the 
fingers  or  hot-water  injections,  and  the  parts  irrigated  with  pcrchlorid  solution  1  :  3000 
before  the  tendon  and  conjunctiva  are  sutured  into  place. 

Tumors  outside  the  muscle-funnel  are  to  be  reached  by  free  incision  parallel  to  the 
orbital  margin  over  the  most  accessible  part  of  the  tumor,  doing  all  the  deep  dissection, 
if  po.ssible,  with  the  closed  scissors-blades  or  handle  of  the  scalpel.  Many  growths  may 
be  successfully  "dug  out"  in  this  way,  with  very  little  loss  of  blood  or  injury  to  the 
surrounding  parts.  All  bleeding  must  be  arrested  before  the  wound  is  closed  with  fine 
silk  sutures,  and  dressed  antiseptically,  with  suitable  provision  for  drainage. 

Kronlein's  Operation. — Tumors  situated  far  back  in  the  orbit  may  be  exposed  to 
view  and  removed  without  sacrificing  the  eyeball  by  a  method  devised  by  Kriinlein,  in 
the  following  manner:  A  crescentic  incision  is  made  around  the  outer  circumference  of 
the  orbit.  The  periosteum  is  then  divided  at  this  part  to  a  similar  extent,  and  freely 
detached  from  the  outer  wall  of  the  orbit  as  far  as  may  be  necessary.  A  temporary 
resection  of  a  wedge-shaped  portion  of  the  orbital  wall  can  then  be  made.  The  base  of 
the  wedge  corresponds  to  the  outer  orbital  margin,  its  apex  to  the  anterior  extremity  of 
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the  interior  orbitul  fissure.  To  accomplish  tliis  the  zygomatic  process  of  the  frontal  bone 
is  chiselled  through,  as  well  as  the  intervening  bone  between  this  and  the  fissure,  near 
its  anterior  extremity.  In  the  same  way  the  base  of  the  orbital  process  of  the  malar 
bone  is  divided,  and  "this  second  incision  through  the  bone  is  continued  backward  to  the 
fissure.  The  loosened  portion  of  bone,  together  with  the  tissues  attached  to  its  external 
surface,  may  now  be  drawn  toward  the  temple  to  such  an  extent  that  the  orbit  is  freely 
exposed  at  its  outer  side,  and  a  growth  even  at  the  apex  is  rendered  quite  accessible,  and 
may  be  readily  removed.  After  this  has  been  accomplished  the  triangular  flap  of  bone 
is  replaced,  the  skin-wound  united  with  sutures,  and  a  suitable  dressing  applied. 

It  is  said  that  recovery  is  comj)lete  in  eight  or  ten  days.  The  operation 
is  neither  diflicult  nor  dangerous,  and  would  seem  to  merit  greater  favor  and 
have  a  wider  range  of  a[)plieation  than  it  has  yet  received.  It  will  he  found 
useful  in  the  extirpation  of  deeply-seated  orbital  tumors,  as  an  exploratory 
OjK'ration  in  some  doubtful  cases  of  exophthalmos,  and  is  an  efficient  means 
of  relief  in  violent  phlegmonous  inflammation  of  the  orbit.  Should  the  ex- 
posed orbit  be  found  in  such  a  condition  that  complete  exenteration  is  deemed 
advisable,  this  may  be  done  at  the  same  sitting. 

Distention  of  the  frontal  sinus,  if  recent  and  of  a  purulent  charac- 
ter, may  be  relieved  by  a  free  opening  througli  its  lower  external  (orbital) 
-wall  and  subsequent  drainage  through  the  same  aperture ;  but  in  chronic  dis- 
tention (mucocele),  the  cavity  or  cavities  having  become  much  wdder  than  in 
their  normal  state,  simple  incision  will  not  suffice.  Under  these  circum- 
stances the  surgeon  proceeds  as  follows  : 

The  orbital  wall  must  be  so  freely  removed  that  the  little  finger  can  be  ])assed  into 
the  cavity  after  its  thorough  evacuation  by  syringing  with  some  warm  antiseptic  solu- 
tion. The  little  finger  of  the  other  hand  or  a  strong  probe  is  to  be  pushed  up  the 
nostril  to  a  point  where  the  finger  in  the  sinus  can  be  felt.  Then  an  aperture  of  con- 
siderable size  is  to  be  made  with  a  sharp  scoop  at  this  point,  and  a  drainage-tube  carried 
through  from  the  orbit  and  worn  until  the  discharge  has  ceased  or  the  cavity  has  suf- 
ficiently contracted  to  justify  its  removah  Thorough  cleansing  at  least  twice  daily 
must  be  practised  for  weeks  or  months  to  achieve  this  end. 

This  operation  has  the  disadvantage  of  almost  certainly  injuring  the 
])ulley  attachment  of  the  su])erior  oblique — an  accident  which  may  be  avoided 
by  making  an  opening  with  chisel  or  trephine  in  the  forehead,  a  little  to  one 
side  of  the  median  line,  and  the  counter-opening  into  the  nose  in  the  manner 
just  described. 

The  opening  in  the  forehead  may  with  advantage  be  sufficiently  enlarged 
to  include  the  entire  anterior  wall  of  the  sinus ;  but  the  disadvantage  of  this 
method  is  the  somewhat  unsightly  resultant  scar. 

Orbital  fistula,  if  found  to  extend  into  the  frontal  sinus,  will  heal  when 
the  sinus  has  been  dealt  with  after  one  or  other  of  the  foregoing  methods ; 
that  is,  after  the  sinus  has  been  eflPectually  drained  into  the  nose. 

Should  the  fistula  be  found  to  lead  into  the  ethmoidal  cells,  a  free  opening 
may  be  made  down  to  these  parts  along  the  fistulous  tract,  and  any  accumu- 
lated secretion  or  other  inflammatory  debris  removed  by  syringing  and  the 
gentle  use  of  small  curettes.  A  drainage-tube  should  then  be  inserted,  and 
the  cavity  kept  clean  by  daily  syringing  until  healing  takes  place.  This 
treatment  may  be  required  for  several  months.  Gruening  has  effi?cted  cure 
of  a  fistula  leading  to  the  ethmoid  cells  by  forcing,  with  a  strong  probe,  an 
opening  through  the  base  into  the  nasal  cavity,  thus  facilitating  drainage 
through  the  nose. 
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THE  METHODS  FOR  DETECTING  COLOR-BLINDNESS, 
WITH  SPECIAL  REFERENCE  TO  THE  EXAMINATION 
OF  RAILROAD  EMPLOYES. 


By  J.  ELLIS  JENNINGS,  M.  D., 

OP  ST.  LOUIS,  MO. 


Many  persons  suppose  that  all  that  is  required  to  test  the  color-sense  of  railroad 
employes  is  to  display  the  flags  and  lanterns  used  as  signals  and  demand  the  name  of 
the  color  exposed. 

The  experienced  observer  knows,  however,  that  many  color-blind  subjects  can  name 
colors  correctly  ;  hence,  any  test  to  be  effectual  must  ascertain,  not  whether  the  employe 
can  name  colors  correctly,  but  how  he  sees  them,  and  whether  he  can  safely  be  trusted 
to  distinguish  between  the  various  signals  on  all  occasions.  We  determine  this,  first,  by 
making  him  pick  out  and  place  together  those  colors  which  appear  to  him  to  be  the 
same,  and  second,  by  having  him  recognize  colors  at  a  distance  under  various  degrees  of 
illumination,  thus  simulating,  as  far  as  possible,  the  various  atmospheric  conditions 
under  which  railway  signals  may  present  themselves. 

Holmgren's  Method. — The  set  of  worsteds  consists  of  three  large  test-skeins:  (1) 
light  pure  green;  (2)  rose  (purple) ;  (3)  red,  and  of  about  one  hundred  and  fifty  small 
skeins  of  the  following  colors:  red,  orange,  yellow,  yellow-green,  pure  green,  blue- 
green,  blue,  violet,  purple,  pink,  brown,  gray,  including  several  shades  of  each  color  and 
at  least  five  gradations  of  each  tint  from  the  deepest  to  the  lightest. 

First  Test. — The  worsteds  are  placed  in  a  confused  heap  on  a  large  plane  surface 
in  a  good  light,  and  the  light  pure-green  test-skein  laid  a  little  to  one  side.  The  candi- 
date is  now  requested  to  pick  out  those  skeins  most  resembling  it  in  color  and  place  them 
by  the  side  of  the  sample.  The  examiner  must  explain  that  there  are  no  two  skeins 
exactly  alike,  and  that  an  endeavor  must  be  made  to  find  something  similar  of  a  lighter 
or  darker  shade.  The  candidate  is  not  to  compare  narrowly  or  to  rummage  much 
among  the  heap,  but  to  select  with  his  eyes,  and  to  use  his  hands  chiefly  to  change  the 
position  of  the  selected  skeins. 

A  person  with  a  normal  color-sense  will  pick  out  the  lighter  and  darker  shades  of 
green  rapidly  and  without  hesitation.  He  may,  perhaps,  include  in  his  choice  a  few 
green  skeins  inclining  to  yellow  or  blue ;  but  this  is  no  evidence  of  color-blindness,  but 
rather  of  a  lack  of  practice  with  colors. 

The  person  completely  color-hl'md,  whether  to  red  or  green,  will  select,  with  or  without 
the  greens,  some  confusion  colors — grays,  drabs,  stone-colors,  fawns,  pinks,  or  yellows. 

The  person  incompletely  color-blind,  or  with  a  feeble  chromatic  sense,  will  add  to  the 
selection  of  greens  one  or  more  light  fawns  or  grays;  or  he  may  i>ick  out  a  skein, 
hesitate,  add  it  to  the  greens,  and  then  withdraw  it,  and  so  on.  When  confusion  colors 
have  been  selected  the  examiner  knows  that  the  candidate  is  either  completely  or 
incompletely  color-blind.  In  order  to  determine  its  nature  and  degree  a  second  test  is 
employed. 

Second.  Test. — The  worsteds  are  mixed  again,  and  the  large  rose  test-skein  is  laid 
to  one  side.  The  candidate  is  requested  to  pick  out  all  the  lighter  and  darker  shades 
of  this  color;  if  color-blind  he  will  always  select  deeper  colors.  Those  subjects  who 
by  the  first  test  were  found  to  have  a,  feeble  chromatic  sense  will  make  no  mistakes  in  this 
test.  Those  who  are  incompletely  color-blind  will  match  the  rose  with  deeper  purples. 
The  completely  red-blind  candidate  will  select  blue  or  violet,  either  with  or  witnout 
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purple.  The  completely  green-blind  subjects  take  green  or  gray  or  one  alone,  either  with 
or  without  purple.  The  violet-blind  subjects  (rare)  show  a  strong  tendency  to  select  blue 
in  the  first  test,  and  red  and  orange,  either  with  or  without  purple,  in  the  second  test. 
As  this  examination  has  decided  the  character  and  degree  of  the  defect,  it  is  not  neces- 
sary to  resort  to  the  third  test;  but  as  the  red  skein  used  corresi)onds  to  the  danger- 
signals,  it  may  occasionally  be  of  value  in  convincing  the  officials  that  the  candidate  is 
unfit  for  dutv. 

Third  Test.  —The  sample  for  this  test  is  a  skein  of  bright  red,  to  be  used  in  the 
same  wav  as  tlie  green  and  rose.  The  red-blind  subjects  select,  besides  the  red,  green  and 
brown  shades  darker  than  the  red.  The  green-blind  subjects  select  green  and  brown 
shades  lighter  than  the  red.  Only  marked  cases  of  color-blindness  will  show  their  defect 
with  this  test. 

Thomson's  Method.— This  consists  of  two  different  sets  of  worsteds,  which  are  kept 
apart  in  a  double  box.  The  first  set  consists  of  a  large  green  test-skein  and  t\yenty  small 
skeins,  each  marked  with  a  bangle  having  a  concealed  number  extending  from  one  to 
twenty.  Among  these  numbers  the  odd  ones  are  different  shades  of  green,  while  the 
even  numbers  are  grays,  light-browns,  etc.  The  seco7id  set  consists  of  a  large  rose  test- 
skein  and  twenty  small  skeins,  which  are  numbered  from  twenty-one  to  forty.  Here 
the  odd  numbers  are  different  shades  of  rose,  while  the  ten  even  numbers  consist  of 
blues,  greens,  and  grays. 

In  testing  the  worsteds  are  taken  from  the  green  part  of  the  box  and  placed  upon  a 
table  in  a  confused  mass.  The  candidate  is  requested  to  select  ten  tints  to  match  the 
large  green  skein.  When  this  is  done  and  the  numbers  recorded  on  a  blank,  the  worsted 
is  removed  and  the  examiner  proceeds  with  the  second  set. 

Author's  Method. — Realizing  that  any  test  which  is  limited  to  a  small  number  of 
match  and  confusion  skeins  curtails  the  choice  and  makes  the  defect  more  difficult  to 
discover,  the  author  has  endeavored  to  combine  the  good  points  of  Holmgren's  and 
Thomson's  methods.  The  set  consists  of  five  large  test-skeins:  light  pure  green,  rose, 
red,  blue,  and  yelloic,  and  eighty-four  small  skeins,  each  marked  with  a  bangle  having 
a  concealed  letter  and  number.  The  letter  denotes  the  color,  and  the  number  (1  to  6) 
denotes  the  shade.  For  example,  A  1  indicates  the  lightest  sliade  of  pure  green;  K  6, 
the  darkest  shade  of  brown. 

The  examination  is  conducted  in  a  manner  similar  to  the  Holmgren  method,  with 
the  addition  of  the  blue  and  yellow  tests.  A  record  of  one  test  is  made  before  proceed- 
ing to  the  next.  In  matching  the  blue  skein  the  color-blind  person  first  takes  the  dark- 
est shades  of  blue,  and  then  adds  the  rose  skeins,  because  he  recognizes  the  blue  in  the 
mixture  of  red  and  blue.  In  matching  the  yelloio  he  adds  all  the  green  skeins  that  have 
yellow  in  them. 

Pseudo-isochromatic  Plates  of  Stilling. — The  remarkable  facility  with  which  the 
color-blind  distinguish  colors  to  which  they  are  blind  is  due  to  an  acute  sensitiveness  to 
differences  in  tint  and  intensity  of  light.  In  the  pseudo-isochromatic  plates  Stilling 
seeks  to  dej)rive  the  color-blind  of  any  aid  in  matching  colors  by  selecting  those  which 
appear  identical  not  only  in  tint,  but  also  in  intensity  of  light.  On  a  colored  surface 
of  convenient  size  he  painted  a  spot  of  the  color  mistaken  I'or  it;  he  then  toned  or 
modified  this  spot  until  the  color-blind  eye  could  not  distinguish  between  the  spot  and 
the  surface.  Stilling  then  constructed  ten  plates,  each  plate  containing  four  squares 
filled  by  small,  irregular  colored  spots,  among  which  other  spots  in  a  confusion  color, 
made  to  conform  to  an  Arabic  figure,  are  placed.  The  test-plate  is  held  in  a  good  light 
and  the  candidate  required  to  distinguish  the  tracings.  An  important  feature  of  this 
test  is  that  there  is  no  inquiry  as  to  color. 

Lantern-test. — An  ordinary  switch  lantern  w-ith  a  four-inch  opening  should  be  so 
arranged  that  pieces  of  colored  glass  can  be  placed  in  front  of  the  light.  The  colors  to 
be  used  are  standard  red,  yellow,  pure  light-green,  standard  green,  blue,  and  purple. 
The  luminosity  of  the  light  can  be  varied  by  having  at  hand  pieces  of  white  (trround), 
ribbed,  and  different  thicknesses  of  London-smoke  glass.  As  red  and  green  a])])ear  to 
the  color-blind  as  one  and  the  same  color,  only  lighter  or  darker  than  the  other,  it  is 
easy  to  deceive  him  by  changing  the  luminosity  of  the  light  without  altering  its  color. 
This  can  be  done  by  diminishing  the  light  or  by  placing  pieces  of  ground  or  London- 
smoke  glass  before  the  colored  light.    The  candidate  should  be  seated  at  a  distance  of 

fifteen  feet  from  the  lantern,  and,  according  to  Dr.  Edridge-Green,  should  be  rejected  

(1)  if  he  calls  the  red  green  or  the  green  red  under  any  circumstances;  (2)  if  he  calls 
the  white  light  under  any  circumstances  red  or  green,  or  vice  versa;  (3)  if  he  calls  the 
red  green,  or  white  light  black,  under  any  circumstances. 

Quantitative  Estimation  of  the  Color-sense.— The  lantern  may  also  be  used  to 
make  a  quantitative  estimation  of  the  color-sense  by  placing  in  front  of  the  li^ht  a 
metallic  slide  with  perforations  ranging  from  one  to  twenty  millimeters  in  diameter. 
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Having  tested  and  recorded  the  average  size  ol"  the  opening  required  by  tlie  normal  eye 
to  distinguish  each  color  at  titteen  feet,  the  candidate  is  placed  at  this  distance  and  is 
asked  to  name  the  colors.  If  he  recognizes  them  through  the  one-millimeter  opening, 
his  color-sense  is  normal  =  \.  If  an  opening  of  twenty  millimeters  is  needed,  his  color- 
sense  =  If  he  fails  to  recognize  the  color  through  the  largest  opening,  he  is  told 
to  approach  the  light  slowly,  and  if  he  sees  it  at  three  feet,  his  color-sense  =  j^^y,  etc. 

Oliver's  apparatus  is  designed  to  test  the  color-sense  of  employes  upon  the  railway- 
grounds  at  a  distance  of  1000  feet.  It  consists  of  twenty-three  shallow  open  wooden 
boxes,  painted  dead  black,  containing  colored  bunting  placed  upon  a  horizontal  beam 
15  feet  from  the  ground.  Arranged  above  the  middle  of  these  boxes  is  a  large  revolving 
box  with  live  partitions  for  the  test-colors.  The  pure-green  test-color  is  displayed,  and 
the  candidate,  employing  one  eye  at  a  time,  is  asked  to  write  upon  a  piece  of  paper  the 
number  of  the  color  in  the  lower  row  (going  from  left  to  right)  that  to  him  is  the  near- 
est match  to  the  upper  color.  This  experiment  is  repeated  with  the  other  test-colors. 
If  the  apparatus  is  to  be  used  at  night,  transparent  colored  glass  is  substituted  for  the 
colored  bunting. 

Chibret's  Photometer. — An  examination  for  color-blindness  is  not  complete  with- 
out making  a  test  of  the  light-sense  (see  page  154).  The  most  accurate  instrument  for 
this  purpose  is  Chibret's  photometer. 

The  candidate  faces  the  window  and  looks  with  one  eye  into  a  tube,  where  he  sees 
two  equally  bright  disks.  The  eye-piece  is  now  turned  until  he  can  detect  a  difference 
in  the  illumination  of  the  two  disks,  when  the  light-difference  is  indicated  on  the  scale. 
A  normal  eye  recognizes  the  difference  within  five  degrees.  The  light-minimum  is 
measured  by  making  one  disk  entirely  dark,  and  then  turning  the  eye-piece  until  he 
perceives  the  disk  coming  from  the  darkness.  The  scale  should  not  register  more  than 
one  or  two  degrees  (see  also  page  152). 

THE  DISPOSITION  OF  THE  COLOR-BLIND. 

Having  ascertained  that  the  color-sense  of  an  employe  is  defective,  the  surgeon 
must  decide  whether  the  defect  is  of  such  a  nature  as  to  warrant  his  discharge,  or 
whether  he  can  with  safety  be  allowed  to  retain  his  position.  If  the  person  in  question 
is  an  applicant  for  employment,  even  a  slight  defect  of  the  color-sense  should  be  suf- 
ficient ground  for  rejection.  If,  however,  we  have  to  deal  with  an  old  employe,  one 
who,  perhaps,  has  discharged  his  duties  in  a  satisfactory  manner,  justice  demands  that 
his  interests  be  studied  so  far  as  is  consistent  with  safety.  Every  case  of  complete  red- 
or  ^rree/i-blindness  should  be  dismissed.  Those  who  are  incompleieln  color-blind,  and  in 
the  first  test  merely  confound  gray  with  the  sample  color,  may  be  retained  if  the  visual 
acuity  and  light-sense  are  normal. 


STANDARDS  OF  FORM  AND  COLOR-VISION  REQUIRED 

IN  RAILWAY  SERVICE. 

By  a.  G.  THOMSON,  M.  D., 

OF  PHILADELPHIA. 

Laws  regulating  the  examination  of  railroad  employes  for  form-  and  color-vision 
have  been  adopted  in  several  States,  but  there  is  no  ofiicial  standard  established  by 
the  United  States  Government  for  such  examinations  as  exists  in  Continental  countries. 
The  State  undertakings  in  this  behalf  have  not  been  uniformly  successful,  as  witness  the 
experiment  tried  some  years  ago  in  Connecticut  by  which  scientific  experts  were  to  be 
appointed  by  the  governor  and  paid  by  the  railroads.  This  undertaking  proved  a  failure, 
as  the  railroad  officers  would  not  submit  their  employes  to  the  scrutiny  of  State  officials, 
who,  by  adopting  their  own  standards,  could  practically  discharge  perhaps  15  per  cent, 
of  the  railroad  employes,  disturb  the  discipline,  and  impair  the  organization  of  the 
roads. 

As  most  of  the  large  railroad  lines  run  through  several  States,  to  save  complications 
which  may  arise  out  of  separate  State  legislation  it  is  found  more  expedient  for  the  cor- 
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porations  to  make  their  own  rules  and  regulations  for  examination  of  their  employes, 
using  their  own  methods  and  appointing  their  own  examiners. 

It  is  found  impracticable  for  corporations,  owing  to  the  large  force  of  ophthalmic 
surgeons  it  would  require,  to  study  the  refraction  and  make  the  exauiination  as  scientific 
as,  from  a  medical  point  of  view,  is  admittedly  desirable.  So  it  is,  therefore,  the 
endeavor  of  the  railroads  to  devise  and  establish  a  general  system  of  examination  for 
protection  of  the  public  and  its  property  tJuit  can  he^mi  in  force  by  a  division  superin- 
tendent, acting  througli  an  intelligent  "assistant,  under  the  general  supervision  of  an 
ophthalmic  surgeon.  To  this  supervising  surgeon  all  information  collected  could  be 
transmitted,  and  he  would  thus  be  enabled  to  decide  all  doubtful  cases  and  to  protect  the 
railroad  IVom  any  danger  arising  from  incapable  employes,  and  at  the  same  time  to  save 
good  and  faithful  men  from  being  discharged  from  the  company's  service  without  suffi- 
cient cause. 

Such  a  system  has  been  perfected  by  Dr.  William  Thomson,  authorized  by  the  Penn- 
sylvania Railroad  Comi)any  since  1880,"  and  has  been  adopted  by  other  roads  from  time 
to  time,  until  it  is  protecting  an  aggregate  total  mileage  to-day  of  over  one  hundred 
thousand  miles.  This  system  lias  been,  as  here  indicated,  subjected  to  the  test  of  expe- 
rience, and  has  proved  very  satisfactory. 

Visual  Acuity. — The  standards  of  form-vision  in  Continental  countries  and  also  in 

this  country  vary  from  in  one  or  both  eyes  to  in  one  and  ^  in  the  other,  in  the 
first  class — that  is,  for  employes  on  the  head  end  of  an  engine,  w^hile  in  Class  II,  repre- 
senting the  yard  and  train  service,  the  range  is  anywhere  from  ^  in  one  to     in  the  other. 

A  railroad  should  require  for  its  safety  two  standards  for  entrance  into  its  service : 
The  standard  of  Class  I,  representing  engineers,  firemen,  and  towermen,  should  require 

in  one  eye,  and  not  less  than        in  the  other — vision  taken  separately  without 

glasses. 

Hyperopia  over  2  D.  should  ensure  rejection — astigmatism  being  eliminated.  This 
can  be  readily  ascertained  by  placing  a  trial  frame  containing  2  D.  spherical-lens,  before 
the  patient,  and  if  he  has  with  these  lenses  full  acuity  of  vision,  the  oi)tical  defect  is  demon- 
strated. This  practical  test  saves  many  complications,  as  a  man  may  enter  the  service 
as  a  young  man  with  strong  accommodation,  and  when  he  becomes  a  skilled  engineer, 
at  the  presbyopic  age,  he  will  not  have  vision  sufficient  to  reach  the  standard. 

Periodic  examinations  should  be  made  at  intervals  of  five  years,  or  after  an  injury 
which  may  in  any  way  aflfect  the  vision,  and  also  after  serious  illness  and  on  promotion. 

The  standard  of  Class  II,  representing  trainmen,  conductors,  brakemen,  switchmen, 
and  yardmen,  should  require  ^  in  one  and  not  less  than  ^^^^  in  the  other  eye,  with 

or  without  glasses,  and  the  same  rules  regarding  re-examination  apply  to  them. 

Old  employes  not  reaching  the  proper  standard  of  the  class  to  wliich  they  belong  on 
re-examination  should  be  corrected  and  required  to  use  glasses  if  they  be  permitted  in 
that  class  or  transferred  to  other  duties. 

Color-sense. — The  color-sense  is  requisite  to  enable  any  employ^  to  govern  his 
actions  by  day  or  night  by  colored  signals. 
The  standard  sliould  require  three  points: 
I.  Test  with  colored  signal-flags. 
II.  Test  by  comparison  of  colored  worsteds— Holmgren's,  Thomson's,  Williams's 
or  Oliver's.  ' 
III.  Test  with  colored  light. 

I.  Test  loith  Colored  F/ags.— The  man  subjected  to  this  test  should  recognize  four  flags 
one  of  each  color,  red,  white,  green,  and  blue,  and,  at  a  distance  of  twenty  feet,  tell  their 
color  and  meaning.    A  colored  flag  should  also  be  given  him  to  match  with  worsteds 

II.  Test  by  Comparison  of  Colored  Worsteds,  Matching  their  Colors  without  Telling  their 
Names.— K^ve  one  of  the  recognized  tests  should  be  used— Holmgren's  or  some  modifi- 
cation of  this  test.  Holmgren's  test  consists  in  testing  the  power  of  the  person  to  match 
various  colors  which  are  conveniently  used  in  the  form  of  colored  yarns.  About  one 
hundred  and  fifty  tints  are  employed  in  confused  mixture,  and  three  test-colors— viz 
hght-green,  rose-purple,  and  red— are  placed  in  order  before  the  person  examined  who 
IS  directed  to  select  similar  colors  from  the  mass.  By  this  manner  the  examiner  can 
judge  whether  selections  are  correct  or  not  from  the  prompt  or  hesitating  manner  in 
which  the  selection  is  made. 

Tests  which  are  modifications  of  this,  as,  for  example,  Thomson's  stick-test  are 
much  simpler  and  more  expedient  for  use  on  railroads.  ' 

III  Test  with  Colored  Light.— ThQ  ordinary  railway-lanterns  of  different  colors  mav 
be  used. 
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It'  the  employe  be  found  detective  in  his  color-sense,  he  will  undoubtedly  be  detected 
"by  these  tests.  He  is  then  allowed  to  go  before  the  oplithuhnic  expert  for  tinul  exami- 
nation, who  may  use  any  other  contirniing  test  he  may  choose. 

It  is  to  be  remembered  tliat  this  is  not  an  otticial  standard — simply  the  requirements 
to  operate  a  railroad  without  danger  to  the  public  and  destruction  to  property. 


THE  RONTGEN  RAYS  IN  OPHTHALMIC  SURGERY. 

By  WILLIAM  M.  SWEET,  M.  D., 

OF  PHILADELPHIA. 

With  the  development  of  improved  methods  of  generating  and  employing  the 
Riintgen  rays  speedy  and  accurate  means  have  been  furnished  by  which  not  only  the 
presence  of  a  metallic  body  in  the  eye  may  be  determined,  but  also  its  exact  i)osition. 
The  early  employment  of  the  new  form  of  radiant  energy  in  experiments  on  animals' 
eyes  gave  little  promise  of  the  successful  application  of  the  method  in  ophthalmic 
surgery  until  Charles  H.  Williams  of  Boston  and  C.  F.  Clark  ^  of  Columbus,  Ohio,  each 
reported  a  case  of  the  removal  of  a  piece  of  metal  from  the  living  eye  which  had  been 
previously  located  by  the  rays.  Shortly  afterward  Max  J.  Stern,  at  the  Philadelphia 
Polyclinic,  located  metallic  bodies  in  the  vitreous  in  four  cases,  and  demonstrated  the 
possibility  of  obtaining  shadows  on  the  photographic  plate  of  foreign  bodies  situated 
in  any  part  of  the  eyeball  or  orbit. 

Practical  Application  of  Rays. — While  numerous  methods  have  been  suggested 
and  employed  for  determining  the  exact  position  of  the  body  in  the  eye,  the  writer  has 


B 

Fig.  420.— Principle  of  method  of  localization. 


found  the  use  of  two  metal  indicators,  one  pointing  to  the  center  of  the  cornea  and  the 
other  situated  to  the  temporal  side  at  a  known  distance  from  the  first,  to  be  simple  in 
application  and  accurate  in  results.    Two  radiographs  are  made  to  give  ditferent  rela- 

*  Trans.  Amer.  Ophth.  Soc,  vol.  vii.  part  iii. 
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tions  of  the  shadows  of  the  indicators  and  the  body  in  the  eyeball  or  orbit— one  wi 
the  tube  horizontal  or  nearly  so  with  the  plane  of  the  indicators,  and  the  other  with  tJ 
tube  at  any  distance  below  this  plane.  . 

The  principles  of  this  method  may  be  understood  from  the  drawing  (Fig.  420), 


Fig.  421.— Indicating  apparatus  and  plate-holder. 


which  a  candle-flame  is  used  to  represent  the  x-ray  tube.  Rays  of  light  coming  from 
the  candle  when  at  A,  in  casting  shadows  upon  a  flat  surface  of  two  ball-pointed  rods 
and  an  object  in  a  sphere  representing  the  eye,  give  the  view  as  shown  on  the  surface  C. 


Fig.  422.— Radiograph  made  with  the  tube  horizontal  with  the  plane  of  indicators. 


When  the  source  of  light  is  carried  below  the  horizontal  plane  of  the  two  rods  to  B  the 
shadows  of  the  indicators  take  the  position  shown  on  the  surface  Z>,  while  the  relative 
position  of  the  body  also  changes.  Knowing  the  distance  of  one  of' the  balls  from  the 
center  of  the  cofnea  and  the  distance  between  the  balls,  the  position  of  the  metal  in  the 
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eye  may  be  readily  determined,  since  the  shadow  of  the  body  preserve3  at  all  times  a 
fixed  relation  with  respect  to  the  shadows  of  the  indicating  balls  in  whatever  position 
the  candle  is  placed. 

In  practice  it  is  essential  that  the  axis  of  the  eyeball  shall  be  parallel  with  the  two 
indicators  and  with  the  photographic  plate;  that  one  of  the  indicators  points  to  the 
center  of  the  cornea  and  be  at  a  known  distance  therefrom ;  and  that  the  two  indicating 
balls  be  in  a  perpendicular  line  with  the  plate  and  at  a  known  distance  from  each  other. 
Simplicity  has  been  secured  by  combining  the  plate-holder  and  indicators  into  a  special 
apparatus  which  is  bound  to  the  side  of  the  head,  as  shown  in  Fig.  421. 

The  determination  of  the  position  of  a  foreign  body  in  the  eye  by  the  method  de- 
scribed may  be  understood  from  the  two  radiograplis  which  are  reproduced  in  Figs.  422, 
423.  These  were  made  of  a  man  who  was  shot  in  the  i.^ca  by  a  rabbit-hunter,  one  of  the 
shot  penetrating  at  a  point  about  3  mm.  below  the  superior  border  of  the  orbit  of  the 


Fig.  423.— Radiograph  made  with  tube  below  horizontal  plane  of  indicators. 


left  side.  No  view  of  the  fundus  of  the  left  eye  was  possible,  owing  to  the  denseness 
of  the  vitreous,  although  a  slight  red  reflex  was  present  in  the  upper  portion  of  the  eye. 

In  determining  the  position  of  the  body  in  the  eye  two  circles,  24  mm.  in  diameter, 
are  drawn  upon  paper,  one  to  represent  a  liorizontal  and  the  other  a  vertical  section  of 
the  average  adult  eyeball.  Upon  these  circles  are  noted  the  positions  of  the  balls  of 
the  indicators  when  the  exposures  were  made. 

Measurements  are  made  upon  each  of  the  radiograplis  of  the  distance  that  the 
shadow  of  the  foreign  body  is  above  or  below  the  shadows  of  the  indicators,  and  these 
distances  are  entered  above  or  below  the  spots  representing  tlie  two  indicating  balls  on 
the  circle  showing  the  vertical  section  of  the  eye.  Lines  drawn  througii  the  points  of 
measurement  from  the  two  radiographs  (^7and/>and  J?  and  F)  indicate  the  plane  of 
shadow  of  the  foreign  body  at  each  exposure.  Where  the  two  lines  cross,  therefore, 
must  be  the  location  of  the  body  as  measured  above  or  below  the  horizontal  plane  of 
the  eyeball  and  to  the  temporal  or  nasal  side. 

The  location  of  the  foreign  body  back  of  the  center  of  the  cornea  is  determined  by 
measuring  the  distance  that  the  shadow  of  the  body  is  posterior  to  the  shadows  of  the 
two  indicating  balls  on  the  radiograpli  made  with  the  tube  horizontal  to  the  plane  of 
the  indicators,  marking  off  the  measurement  perpendicular  to  each  of  the  spots  repre- 
senting the  indicators  on  the  horizontal  section  of  the  eye,  ami  drawing  a  line  through 
these  points.  Since  this  represents  the  plane  of  shadow  of  the  foreign  body  when  the 
radiograph  was  made,  the  metal  mnst  be  situated  at  some  point  on  this  line.  The 
location  of  the  body  as  respects  the  vertical  section  of  the  eyeball  having  been  deter- 
mined where  a  line  drawn  ])erpendicular  to  this  position  intersects  the  plane  of 
shadow  on  the  horizontal  section  is  the  situation  of  the  body  back  of  the  anterior 
portion  of  the  eyeball.    When  the  distance  of  the  platinum  plate  of  the  tube  from 
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the  center  indicating  ball  is  known,  the  plane  of  shadow  of  the  body  on  the  hori- 
zontal section  of  the  eye  is  determined  by  drawing  a  line  directly  from  a  point 
representing  the  tube  to  the  spot  of  measurement  of  the  shadow  of  the  body  back 
of  the  external   indicator.     In  order  to  render  the  various  measurements  clear, 

outline  drawings  of  the  two  radiographs,  reduced  one- 
third  in  size,  are  sliown  in  Figs.  425  and  426,  the  letter- 
ing corresponding  to  that  employed  on  the  diagrammatic 
circles. 

When  the  photographic  plate  is  in  place  at  the 
side  of  the  head,  it  is  necessary  in  the  majority  of  cases 
to  arrange  the  point  of  fixation  so  tliat  the  cornea  is 
rotated  slightly  inward,  in  order  that  the  visual  axis 
shall  be  i)arallel  with  the  plane  of  the  photographic  plate. 
This  rotation  of  the  eyeball  in  no  way  affects  the  method 
of  locating  bodies  within  the  globe,  but  when  the  body 
has  penetrated  into  the  orbit  outside  of  the  eyeball,  the 
convergence  necessary  to  ensure  parallelism  of  the  visual 
axis  and  the  plate  leads  to  error  in  the  determination  of 
the  position  of  the  metal.  To  eliminate  this  factor  of 
error  necessitates  a  knowledge  of  the  angle  of  the  orbit 
with  the  plate,  or,  what  is  equivalent,  the  amount  of  de- 
viation of  the  eyeball  from  the  primary  ])Osition,  and  the 
employment  of  this  angle  in  plotting  the  diagrammatic 
circles'  representing  the  eyeball.  AnotTier  error  arises  from 
the  ftdse  projection  of  the  shadow  of  the  body  in  the  orbit 
in  relation  to  the  shadows  of  the  indicators,  owing  to 
greater  divergence  of  the  rays  as  the  distance  between  the 
center  indicator  and  the  foreign  body  increases.  Tliis 
false  projection  may  be  allowed  for  by  noting  the  dis- 
FiG.424.— Diagrammatic  circles  tance  of  the  platinum  plate  of  the  tube  from  the  center 
representing  the  eyeball :  upper  indicator,  and  employing  this  measurement  in  determin- 
cL'ell;  vrriicTricff^^^^^^^  the  plane  of  shadow  of  the  body  on  the  horizontal 

one-third  in  size).  section  of  the  eye. 

In  making  the  exposures  the  plate  is  to  the  side  of  the 
head  corresponding  to  the  injured  eye,  and  the  tube  is  placed  about  12  inches  to  the 
opposite  side  and  slightly  forward.  The  patient  should  lie  upon  his  back,  as  this  posi- 
tion ensures  greater  steadiness  of  the  head  and  body  than  when  sitting  upright  with 
some  form  of  head-rest.  An  exposure  of  lour  minutes  is  ample  to  secure  clear  shadows 
of  bodies  in  the  eyeball  or  orbit,  and  with  efficient  apparatus  good  radiographs  may  be 
secured  in  one-half  this  time.    As  the  best  results  are  achieved  when  the  tube  is  run 


Fig.  425.— Outline  drawing  of  radiograph 
made  with  tube  horizontal  with  plane  of 
indicators  (reduced  one-third  in  size). 
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Fig.  426.— Outline  drawing  of  radiograph 
made  with  tube  below  horizontal  plane  of  indi- 
cators (reduced  one-third  in  size). 


at  a  high  vacuum,  a  tube  should  be  selected  which  may  be  so  operated  that  the  resist- 
ance offered  to  the  passage  of  the  current  does  not  reach  a  point  to  interfere  with  the 
generation  of  the  rays.  The  cathodal  terminal  should  be  ground  and  polished,  so  that 
the  rays  are  focussed  to  a  small  point  upon  the  platinum,  which  ensures  sharper  outlines 
of  the  foreign  body  than  when  the  focus-point  is  large. 

Accuracy  of  the  Method. — It  has  been  conclusively  shown  in  actual  work  that  the 
X-rays  may  be  relied  upon  to  determine  in  nearly  every  instance  the  presence  or  absence 
of  a  foreign  body  in  the  eye.  The  difficulties  of  shadowing  the  body  on  the  plate 
increase  with  the  smallness  of  the  object,  especially  if  it  is  situated  to  the  nasal  side  of 
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the  eye  and  therefore  some  distance  from  the  sensitive  surface.  It  is  evident  that  cases 
may  occasionally  be  seen  where  the  body  is  so  small  as  to  fail  to  cast  a  shadow  of  suffi- 
cient distinctness  to  be  recognized  in  comparison  with  the  shadows  of  the  orbital  bones, 
although  chips  of  metal  which  are  too  minute  to  be  shown  by  the  rays  seldom  strike  the 
eye  with  sufhcient  force  to  overcome  the  resistance  of  tlie  ocular  structures  and  pene- 
trate deeply  into  the  globe.  In  cases  of  doubt  as  to  the  presence  of  a  metal  body  in  the 
eye,  several  exposures  should  be  made  with  the  tu])e  in  various  positions,  in  order  to 
cause  the  body,  if  present,  to  be  shadowed  tlirougli  the  thinnest  portion  of  the  orbital 
bones,  and  thereby  exhibit  sufficient  contrast  to  assist  in  revealing  its  presence. 

Dangers. — The  introduction  of  more  powerful  apparatus  for  the  generation  of  the 
rays  has  reduced  to  a  minimum  the  dangers  of  severe  injury  of  the  superficial  structures 
of  the  body  by  decreasing  the  time  of  exposure.  Persons  of  fair  complexion  are  par- 
ticularly susceptible  to  the  action  of  the  rays,  although  a  slight  redness  of  the  skin  is  all 
that  may  be  expected  in  any  case  in  the  short  ])eriod  required  in  nuiking  the  negatives. 
It  is  a  safe  plan,  however,  to  limit  the  exposures  at  one  sitting  to  four,  which  at  the  most 
would  subject  the  patient  to  the  action  of  the  rays  for  a  i)eriod  of  sixteen  minutes.  In 
this  way  it  is  possible  to  note  the  etfect  on  the  skin,  and,  if  additional  radiograjihs  are 
desired,  postpone  the  second  sitting  for  several  days  in  case  marked  redness  follows  the 
first  exposures. 

Influence  on  Vision  of  Blind  Eyes. — The  experiments  made  by  Hansell,'  by  Wil- 
kinson of  the  California  School  for  the  Blind,  and  by  Hilgartner  and  Northrup  con- 
clusively show  that  the  x-rays  have  no  [)Ower  whatever  of  exciting  vision  or  even  light 
perception  in  an  eye,  diseased  or  normal,  and  are  without  beneficial  effect  in  the  treat- 
ment of  diseases  leading  to  blindness.  These  investigations  were  made  upon  a  number 
of  patients  who  were  blind  from  dense  opacities  of  the  cornea,  congenital  cataract,  or 
complete  optic  atrophy. 


THE    PRACTICE    OF    OPHTHALMIC   OPERATIONS  ON 

ANIMALS'  EYES. 

By  clarence  A.  VEASEY,  A.  M.,  M.  D., 

OF  PHILADELPHIA. 

Introduction. — The  frequent  practice  of  ophthalmic  operations  upon  animals'  eyes 
is  of  the  greatest  importance  to  the  beginner  in  operative  ophthalmology,  as  it  enables 
him  to  become  acquainted  with  the  use  of  the  various  instruments,  to  recognize  the  dif- 
ference in  the  density  of  the  tissues  which  have  to  be  cut,  to  become  thoroughly  familiar 
with  the  technic  of  each  operation,  and  to  lose  a  certain  amount  of  the  timidity  which 
is  almost  invariably  present  when  beginning  operative  work  upon  the  human  eye. 

Instruments. — A  set  of  instruments  should  be  obtained  and  used  for  this  purpose 
alone.  The  following  are  all  which  are  required  for  practising  most  of  the  operations 
on  the  eyeball  and  muscles:  An  eye-speculum,  a  pair  of  fixation-forceps,  an  angular 
keratome,  a  v.  Graefe  cataract-knife,  a  pair  of  iris-forceps,  a  pair  of  iris-scissors,  a  cys- 
totome  and  Daviel's  scoop,  a  cataract-needle,  a  strabismus-hook,  a  pair  of  strabismus- 
scissors,  a  canaliculus-knife,  a  small  scalpel,  and  a  few  curved  needles. 

Choice  of  Eyes. — Pigs'  eyes  are  the  most  useful  for  practising  the  various  opera- 
tions. They  more  nearly  resemble  human  eyes  in  size  and  density  of  tissue  than  do  the 
eyes  of  other  animals  that  are  readily  obtainable,  and  they  can  be  easily  fastened  in 
the  various  masks.  Sheeps'  eyes  are  too  large  for  the  latter  purpose,  and  bullocks'  eyes, 
while  useful  for  demonstrations  before  a  large  class,  possess  tissues  which  are  too  dense 
and  are  themselves  too  large  for  the  instruments  which  are  commonly  employed  in 
operations  on  the  human  eye  to  make  them  of  ]iractical  value. 

For  operations  upon  the  muscles,  the  orbits,  and  the  lids  it  is  necessary  to  have  a 
head  with  the  eyes  in  their  natural  positions.  For  this  purpose  the  head  of  a  young 
pig,  about  six  weeks  old,  is  perhaps  the  easiest  obtained  and  answers  the  purpose  very 
well.  The  butcher  must  be  cautioned,  however,  to  allow  the  head  to  remain  in  scalding 
water  for  the  shortest  possible  time  preparatory  to  removing  the  bristles,  or  the  eyes  will 
be  too  shrunken  to  answer  the  ])urj)ose.  Even  with  these  precautions  the  corneas  will 
be  a  trifle  hazy,  but  if  the  eyeballs  retain  their  firmness,  this  defect  will  not  interfere 
with  the  subsequent  practice  of  the  operations. 

^  Amer.  Journ.  of  Med.  Sciences,  Nov.,  1897. 
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If  possible,  all  the  operations  should  also  be  practised  upon  the  head  of  a  cadaver ; 
but,  unfortunately,  it  is  difficult  to  obtain  material  of  this  character  outside  of  the  dis- 
sect in  jr-rooms  of'medical  schools,  and  even  when  it  is  at  hand  the  eyes  are  often  so 
shrunken  and  collapsed,  and  have  undergone  such  great  changes,  that  it  is  fully  as  satis- 
factory, if  not  more  so,  to  practise  on  the  animal's  eyes.  To  obtain  correct  ideas,  how- 
ever, of  the  topography  of  the  parts  practice  on  a  cadaver  as  fresh  and  well  preserved 
as  possible  is  essential. 

After  practising  for  a  time  upon  eyes  placed  in  a  mask  and  upon  eyes  in  their 
natural  positions  in  a  pig's  head,  it  is  advisable  to  obtain  some  experience  in  operating 
ujton  the  eyes  t)f  live  animals.  Dogs,  cats,  or  rabbits  may  be  used,  the  latter  being  per- 
luijis  the  least  expensive  and  most  easily  handled.  The  animals  should  be  anesthetized 
with  chloroform  before  operating,  and  at  the  conclusion  of  the  operation  the  anesthesia 
should  be  pushed  sutticiently  far  to  produce  death. 

Time  of  Removal  of  Eyes  from  the  Animal.— As  eyes  always  undergo  various 
changes  shortly  atter  deatli  wliich  render  theui  less  valuable  lor  operative  work,  they 
should  be  removed  from  the  animal  as  soon  as  it  is  killed.  It  is  especially  important 
that  they  be  removed  before  the  animal  is  scalded  preparatory  to  scraping  off  the  bris- 
tles, otherwise  the  corneas  will  become  so  opaque  and  shrunken  as  to  render  them  useless. 

Method  of  Preservings  Eyes  for  Operating  Purposes. — Fresh  eyes  are  by  far  the 
best  and  most  satisfactory  for  operative  work.  They  impart  to  the  hand  a  more  natural 
sense  of  resistance  of  the  tissues,  and  the  corneas  are  much  clearer  than  they  can  possi- 
bly be  after  preservation  in  any  liquid.  If  it  is  impossible,  however,  to  obtain  them 
fresh  when  desired,  they  can  be  preserved  for  o])erating  purposes  for  about  one  week  by 
placing  them  in  a  ^  of  a  1  per  cent,  solution  of  formaldehyd.  A  stronger  solution, 
though  excellent  as  a  preservative,  hardens  them  too  much  for  operative  work.  Should 

it  be  desired  to  preserve  them  even  longer, 
they  may  be  transferred  to  a  solution  of 
thymol  ( 1  : 5000),  in  which  they  will  keep 
for  several  weeks  (Andogsky).  No  matter 
whether  fresh  or  preserved  eyes  are  em- 
ployed, the  corneas  will  be  found  to  be  more 
or  less  dry,  so  that  before  beginning  any 
operation  they  should  be  moistened  with 
water. 

The  Operating  Mask.— It  is  custom- 
ary when  practising  operations  upon  animals' 
eyes  to  place  the  latter  in  masks  especially 
constructed  for  the  purpose.  The  best  of 
these  is  the  Viennese  mask  seen  in  Fig.  427. 
This  represents  a  human  face  with  most 
of  its  relations  preserved,  and  in  the  orbital 
cavities  are  placed  removable  sockets  in 
which  the  animal's  eyes  can  be  firmly  held. 
These  sockets  permit  the  eyes  to  be  moved  in 
all  directions,  and  by  turning  a  central  screw 
on  which  the  eye  rests  the  latter  can  be  tight- 
ened or  loosened,  so  that  the  intraocular  ten- 
sion may  be  decreased  or  diminished  at  will. 
The  face  is  so  attached  to  its  base  that  it  can 
be  ))laced  at  diflerent  angles,  and  is  made  of 
hard  rubber  to  prevent  absorption  of  the 
various  ocular  fluids.  Other  masks  known  as 
"  i)liantom  faces  "  and  made  of  papier  machl 
may  be  also  used  for  the  same  purpose. 

The  Home-made  Mask.— If  the  student 
does  not  possess  the  Viennese  mask  or  a 
jihantom  face,  a  fairly  satisfactory  substi- 
tute may  be  constructed  at  home  from  a 
small  box  and  a  piece  of  cork.  The  latter 
should  be  sufficiently  thick  to  enable  the 
hand  to  move  freely  without  striking  the 
Fig.  427.-Vienna  mask.  Hd  of  the  box,  and"  is  glued  to  the  latter 

as  shown  in  Fig.  428.  An  eye  is  readily 
fastened  to  this  by  means  of  four  tacks  or  stout  pins,  and  the  lid  can  be  placed  at  any 
angle  desired. 

Should  no  mask  be  at  hand,  an  eye  can  be  wrapped  in  a  towel  and  held  in  the  hand 
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of  an  assistant,  which  rests  firmly  on  a  table  while  the  different  operations  on  the  eyeball 
are  being  practised  (Fig.  429).  The  greatest  objection  to  this  method  is  the  impossibility 
of  holding  an  eye  firmly  without  making  considerable  pressure,  which  spoils,  to  a  certain 


Fig.  428.— Home-made  mask. 


extent,  most  operative  procedures.  The  method  is  of  great  value,  however,  in  prac- 
tising puncture  and  counter-puncture  and  the  different  varieties  of  corneal  sections,  and 
in  these  the  assistant  may  be  dispensed  with,  the  eye  being  held  in  one  hand  while  the 
knife  is  manipulated  with  the  other. 

Preparation  of  the  Eye  for  the  Mask.— When  the  eyes  are  removed  from  the  pigs 


Fig.  429.— Eye  in  towel. 


they  have  attached  to  them,  as  a  rule,  the  stumps  of  the  muscles,  some  conjunctiva,  and 
more  or  less  of  the  orbital  fat.  Enough  of  this  should  be  trimmed  off  to  enable  the 
eye  to  fit  easily  into  the  socket  of  the  mask,  but  at  the  same  time  care  must  be  exercised 
not  to  remove  too  much  or  the  eye  cannot  be  held  sufficiently  tight  for  the  satisfactory 
performance  of  an  operation.  A  little  practice  will  soon  enable  the  student  to  know 
just  how  much  tissue  to  remove,  so  that  the  strongest  possible  grasp  may  be  maintained 
during  the  whole  operation. 
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The  shape  of  the  pig's  cornea  differs  somewhat  from  that  of  the  human  cornea,  and 
in  placing  pigs' eyes  in  the  mask-socket  the  round  end  should  be  turiied  upward.  In 
this  manner  the  shortest  diameter  of  the  eye  is  iU)rizontal,  and  the  iris  is  less  apt  to  fall 
in  front  of  the  knife  in  making  corneal  sections  than  when  placed  in  any  other  position. 

Before  attempting  to  lit  an  eye  into  the  mask-socket  the  latter  should  be  removed 
from  the  mask  and  the  cavity  made  as  large  as  possible  by  means  of  the  screw  on  which 
the  eye  is  to  rest.  After  this  an  eye  is  placed  in  position,  and  a  small  circular  metal 
band  containing  several  teeth  is  pushed  over  it  to  hold  it  in  place. 


Fig.  432.— Delivery  of  the  lens.  Fig.  433.— Anterior  sclerotomy. 

General  Directions. — Before  beginning  to  practise  any  operation  the  instruments 
required  for  that  operation  should  be  selected  and  placed  within  easy  reaching-distance 
in  the  order  in  which  they  are  to  be  used.  If  some  one  is  assisting,  the  operator  should 
not  remove  his  eyes  from  the  field  of  operation  more  than  is  absolutely  required,  the 
assistant  placing  in  his  hands  each  instrument  as  it  is  needed  and  removing  the  ones 
that  have  just  l)een  employed.  The  operator  should  also  be  careful  to  assume  only  such 
positions  in  relation  to  the  animal's  eye,  or  to  the  mask,  as  could  be  easily  attained  if 
operating  on  the  human  eye,  and  should  studiously  avoid  any  but  the  proper  manner 
of  holding  the  instruments.  In  other  words,  as  much  attention  should  be  paid  to  detail 
as  if  the  operation  were  being  performed  on  a  human  eye.  Thus  only  proper  habits  will 
be  formed,  for  the  habits  formed  in  this  work  will  adhere  to  the  student  in  his  later 
work  upon  human  eyes,  and,  if  they  be  incorrect,  will  be  difficult  to  overcome. 

Operations  which  can  be  Practised. — In  general,  most  of  the  operations  which 
are  performed  on  the  human  eye  may  be  practised  on  animals'  eyes  employed  as  pre- 
viously described.  Figs.  430-433 '  are  sufficiently  illustrative  of  some  of  the  main 
operations. 

^  Taken  from  the  author's  work,  Ophthalmic  Operations  as  Practised  on  Animals^  Eyes. 
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The  normal  conjunctiva  always  contains  bacteria,  no  less  than  ten  or  twelve  varie- 
ties having  been  isolated.  If  these  organisms  have  pathogenic  characteristics  they  are 
very  slight  (Randolph) ;  indeed,  it  is  probable  that  only  two  or  three  varieties  should 
be  classified  as  at  all  pathogenic  (Weeks).  Non-pathogenic  conjunctival  bacteria, 
however,  may  become  harmful  if  the  tissues  in  which  they  exist  are  bruised  or  irritated 
(Randolph). 

Pathogenic  bacteria,  especially  those  related  to  suppuration,  are  frequently  found 
along  the  ciliary  margins  and  in  the  secretion  of  the  lachrymo-nasal  passages. 

The  etiological  relationship  of  micro-organisms  to  various  ocular  affections  has  been 
fully  described,  especially  in  the  articles  on  Diseases  of  the  Conjunctiva,  Diseases  of 
the  Cornea,  and  Sympathetic  Ophthalmitis.  For  the  convenience  of  the  student  a  brief 
description  of  these  organisms,  together  with  the  stains  by  which  they  may  be  recog- 
nized, is  here  inserted. 

Koch-Weeks'  Bacillus. — According  to  Weeks,  this  bacillus  resembles  that  of 
mouse-septicemia  in  form,  and  measures  1  to  2/y  in  length  and  about  0.25 /i  in  thickness. 
It  is  often  associated  with  a  clubbed  bacillus  [pseudo-diphtheritic  or  xerosis  bacillus). 
It  stains  readily  with  ordinary  aniliu  dyes,  and  may  easily  be  demonstrated  in  the  secre- 
tion of  affected  eyes.    (See  Plate  2,  Fig.  III.) 

As  reagents  Weeks  uses  methylene  blue,  basic  fuchsin,  or  gentian  violet. 

This  bacillus  has  been  found  by  Weeks,  Morax,  Beach,  and  others  to  be  the  etio- 
logical factor  in  acute  contagious  conjunctivitis,  as  it  is  fully  described  on  page  276. 

PneumocoCCUS  ( Diplococcus ptieumoime  {\\ ^{(ihsQlhainm) ;  Micrococcus  Pasteuri  (Stern- 
berg); Micrococcus  Idiiceolatus  (Talamon) ;  FrcinkeVs  pneumococcus). — This  organism  ap- 
pears in  the  form  of  oval  cocci  each  about  1  fj.  in  its  longest  diameter.  The  cocci  are 
often  arranged  in  ])airs  (hence  the  name  diplococci),  and  sometimes  in  chains  of  three 
to  ten  elements.  The  free  ends  of  the  cocci  may  be  pointed  (hence  the  name  diplococcus 
lanceolatus),  and  they  are  often  surrounded  by  a  capsule  (hence  the  term  capsulated 
diplococcus).  (See  Plate  2,  Fig.  IV.)  The  organism  stains  with  the  ordinary  anilin 
dyes,  and  also  by  Gram's  method. 

Pneumococci  were  first  described  as  a  cause  of  acute  conjunctivitis  by  Morax  and 
Parinaud,  who  supposed  the  disease  was  peculiar  to  early  childhood.  The  later  inves- 
tigations of  Gasperini,  Harold  Gifford,  and  others  show  that  the  affection  is  distinctly 
contagious,  may  attack  adults,  may  be  transferred  from  one  eye  to  another,  and  may 
originate  acute  inflammation  of  the  conjunctiva,  clinically  very  difliicult  to  difl'erentiate 
from  the  Koch- Weeks'  bacillus  conjunctivitis  (see  also  pages  27-'),  276). 

According  to  the  researches  of  UhthofT  and  Axenfeld,  which  have  been  abundantly 
confirmed,  pneumococci  are  the  most  important  etiological  factors  in  true  serpiginous 
ulceration  of  the  cornea  (see  i)age  314).  They  are  also  one  of  the  causes  of  panoph- 
thalmitis. 

GonOCOCCUS  [Gonococcus  of  JVcisser ;  MlcrococcAis  gonorrhea; ;  Merismopedia  gonor- 
rhece). — -This  organism  is  found  in  gonorrheal  pus,  in  the  form  of  a  micrococcus  about 
0.7  in  its  long  and  0.5  //  in  its  short  diameter.  It  often  occurs  in  a  diplococcus-  and 
sometimes  in  a  tetrococcus-form,  the  individual  cocci  being  ovoid  in  shape,  with  their 
opposing  surfaces  flattened  or  slightly  concave.  The  organism  appears  in  characteristic 
groups  within  the  leukocytes.  (See  Plate  2,  Fig.  II.;  also  Figs.  187  and  188).  Gono- 
cocci  stain  readily  with  watery  solutions  of  the  basic  anilin  dyes — e.  g.  methylene  blue, 
fuchsin,  etc. — but  are  decolorized  by  Gram's  method. 

They  are  the  etiological  factor  in  gonorrheal  conjunctivitis  and  in  severe  cases  of 
conjunctivitis  neonatorum  (see  pages  278,  281). 
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Klebs-Lblfler  Bacillus  {Bacillus  dipMherice;  Loffler's  baci/h(s).—Th\^  organisin 
occurs  in  diphiheritii-  products  as  a  slender  bacillus,  with  round,  occasionally  distinctly 
clubbed  ends,  about  3  u  in  length.  The  bacilli  may  be  irregularly  scattered,  may  appear 
in  clusters,  or  mav  assume  a  parallel  grouping;  often  two  bacilli  are  joined  end  to  end 
(see  Fig.  190).  The  organism  stains  readily  with  the  ordinary  anilin  dyes,  by  Gram  s 
method,  and,  best  ol'  all,  with  Liiffler's  methylene  blue.  It  is  the  cause  of  diphtheritic 
conjunctivitis  (see  page  284). 

The  pmido-dipltikerttic  bacillus  morphologically  closely  resembles  the  virulent 
bacillus  diphtheria',  but  is  not  fatal  to  animals.  It  is  found  in  several  varieties  of  con- 
junctivitis— e.  </.  follicular  conjunctivitis. 

Xerosis  Bacillus.— This  organism  was  first  found  in  xerosis  of  the  conjunctiva,  and 
morphologicallv,  as  well  as  in  cultures,  closely  resembles  the  diphtheritic  bacillus,  but 
is  non-virulent' to  animals  (see  also  page  29G).'  It  is  said  to  be  present  in  the  normal 
conjunctiva,  and  is  found  in  a  variety  of  conjunctival  diseases,  either  alone,  or,  as  in 
Koch-Weeks'  bacillus  conjunctivitis,  associated  with  the  specific  organism.' 

Tubercle  Bacillus  {Bacillus  tuben-ulon.^ ;  Koch's  tubercle  bacillus).— This  organism 
occurs  in  tul)erculous  tissue  or  sputa,  in  the  form  of  a  slender  rod  with  rounded  or 
slightly  curved  ends  S  to  5  /i  in  length  and  0.3  in  breadth.  Sometimes,  when  stained, 
the  bacilli  present  a  "  beaded  "  ai)i)earance.  In  the  tissue  they  are  irregularly  scattered 
or  are  arranged  in  small  masses.  They  may  be  single,  or  an  angle  may  be  formed  by 
an  end-to-end  attachment  of  two  of  them  (see  Fig.  201).  Tubercle  bacilli  do  not  stain 
readily  with  ordinary  watery  solution  of  basic  anilin  dyes;  anilin-water  solution  of 
gentian  violet  or  fuchsin  must  be  used.  One  of  the  best  preparations  is  the  Ziehl- 
Neelsen  carbol-fuchsin.  Once  stained,  the  bacilli  retain  the  dye  tenaciously.  They  are 
the  cause  of  tuberculous  lesions  in  the  ocular  coats  (see  page  302). 

Leprosy  Bacillus  {Bacillus  lejmv). — This  organism  occurs  in  the  leprous  tubercles, 
in  the  form  of  a  bacillus  which  closely  resembles  the  tubercle  bacillus,  but  is  slightly 
more  slender  (Fig.  200).  The  bacilli  stain  readily  with  the  ordinary  anilin  dyes  and  by 
Gram's  method. 

Staphylococcus  Pyogenes  Aureus  {Micrococcus  pyogenes  aureus). — This  organism  is 
one  of  the  bacteria  of  sup])uration,  and  occurs  as  a  spherical  coccus  from  0.5  to  0.9  //  in 
diameter,  and  grows  in  clusters  and  masses,  but  is  also  met  with  singly  and  in  pairs 
(see  Fig.  192).    It  stains  readily  with  all  the  anilin  dyes,  and  also  by  Gram's  method. 

Staphylococci  are  related  to  numerous  inflammatory  conditions  of  the  cornea  and 
conjunctiva,  being  found,  for  example,  on  the  ciliary  margins  in  blei)haritis,  in  phlyc- 
tenular conjunctivitis,  in  simple  conjunctivitis,  and  in  association  with  specific  organisms 
— for  instance,  with  Loffler's  bacillus  in  diphtheria  of  the  conjunctiva,  and  with  gono- 
cocci  in  gonorrhea!  conjunctivitis.  They  are  freely  present  in  suppurative  conditions 
of  the  lachrymo-nasal  passages,  are  one  of  the  varieties  of  micro-organisms  found  in 
mixed  infections  in  corneal  ulcers  which  are  not  typically  serpiginous^^  and  have  been 
claimed  by  Deutschmann  to  be  the  cause  of  symjiathetic,  or,  as  he  called  it,  migratory 
ophthalmitis  (see  page  349).  In  addition  to  staphylococcus  pyogenes  aureus  may  also 
be  found  the  varieties  which  are  known  as  tS.  pyogenes  albus  and  S.  pyogenes  citreus, 
which  difl'er  from  the  preceding  organism  in  the  color  of  their  growth,  as  is  designated 
in  the  name.    They  are  also  said  to  be  less  pathogenic  than  the  first  one. 

Streptococcus  Pyogenes. — This  organism  occurs  as  a  coccus  slightly  larger  than 
the  preceding  varieties,  being  about  1  //  in  diameter.  It  forms  chains  (see  Fig.  197) 
which  sometimes  are  composed  of  numerous  members.  It  may  be  demonstrated  by  the 
usual  stains. 

Streptococci  are  found  in  various  suppurative  processes  which  occur  in  the  eye, 
either  nlone  or  in  association  with  specific  micro-organisms,  and  they  are  the  cause  of 
certain  varieties  of  corneal  ulcers.  They  are  especially  frequent  in  the  purulent  secre- 
tion which  comes  from  the  lachrymal  sac,  being  the  cause  of  the  conjunctivitis  which 
is  associated  with  this  condition.  This  form  of  conjunctivitis  may  also  be  complicated, 
according  to  Parinaud,  with  hypopyon  and  irido-cyclitis  (see  also"  page  294). 

There  is  one  variety  of  membrarious  conjunctivitis  due  to  streptococci  which  occurs 

1  The  terms  "pseudo-diphtheritic  bacillus"  and  "xerosis  bacillus"  have  been  much  con- 
fused, because  the  pj^eudo-diphOieritic.  haciUi  of  Hoffman n ,  vfhich  are  found  in  the  nose  and  throat, 
are  not  identical  with  the  pmudo-diphthrrilic,  baciJIi  of  the  conjunctiva,  which,  bv  some  authorities, 
are  made  to  include  the  xerosis  bacilli,  the  bacilli  septati  (Gelpke),  the  chalazion-bacilli 
(Deyl),  etc. 

The  investigations  of  D.  H.  Bergey  indicate  that  there  is  a  large  group  of  micro-organisms, 
at  the  head  of  which  is  the  vindrnt  Loffler-bacUlu.%  which  may  occur  in  several  distinct  varia- 
tions, and  at  the  other  extreme  is  the  xerosis  bacillus.  Between  these  extremes  are  many  varia- 
tions in  type,  as  shown  by  modifications  in  biological  and  morphological  characters,  for  example, 
the  pseudo-diphtheritic  or  Hoflmann's  bacilli. 
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in  children  in  connection  with  the  exuntheniatii,  but  wliich,  according  to  Morax,  may 
appear  independently  of  febrile  complications.  The  disease  is  often  mistaken  for  diph- 
theritic conjunctivitis,  and  is  sometimes  called  streptococcus  diphtheria  of  theeoiijunc- 
tiva."  Microscopic  examination  will  decide  the  diagnosis.  The  prognosis  is  exceed- 
ingly unfavorable. 

In  this  connection  a  brief  mention  of  a  remarkable  form  of  conjunctivitis,  known 
as  Pariiiaiui's  conjunctivitis  or  infectious  conjunctivitis  of  animal  origin,  may  be  made. 
Its  main  characteristics,  as  sumnuirized  by  Gilibrd,  who  has  studied  it  in  this  country, 
are  sudden  onset,  thickening  of  the  lids,  mucopurulent  discharge,  the  formation  within 
a  week  or  two  of  large  polypoid  and  pediculated  granulations  on  the  conjunctiva,  be- 
tween which  occur  numerous  smaller  yellowish  ones,  and  inflammation  of  one  or  both 
of  the  groups  of  lymph-glands  on  the  same  side,  the  pre-auricular  and  retromaxillary 
groups  being  most  frequently  involved.  The  affection  is  practically  always  one-sided. 
Bacteriological  investigations  have  generally  been  lacking  in  results,  but  streptococci 
have  been  found  in  the  pus  in  the  eye  and  in  the  intlamed  lachrymal  glands.  The 
treatment  suited  to  trachoma  would  seem  to  be  indicated. 

Trachoma  Coccus. — This  organism  has  been  described  by  Sattler  and  Michel,  and 
may  be  cultivated  from  the  trachoma  follicle.  It  forms  a  small  diplococcus  (Fig.  195). 
Its  specificity  has  not  been  demonstrated  (see  page  292). 

Diplo-bacillus  {diplo-bac.illus  of  Morax  and  Axenfeld). — This  organism  was  first  de- 
scribed by  Morax  in  1896  as  a  frequent  cause  of  subacute  or  chronic  conjunctivitis. 


Fig.  433a.— The  diplo-bacillus  of  Morax  and  Axenfeld  (from  a  preparation  by  Dr.  Harold  Giffbrd). 

According  to  Harold  Gilford,  who  has  investigated  it  in  this  country,  "the  germ  com- 
monly occurs  in  the  form  of  a  diplo-bacillus,  each  member  of  which  measures  2  to  3 
in  length  and  1  to  0.5  in  breadth.  Chains  of  these  diplo-bucilli  are  not  infrequent, 
and,  in  cultures,  form  sometimes  as  long  as  three  or  four  of  the  single  bacilli  with  no 
apparent  sign  of  division."  It  stains  readily  with  most  of  the  ordinary  dyes,  but  is  de- 
colorized by  Gram's  method.  . 

The  conjunctival  affection  which  this  diplo-bacillus  causes  in  general  is  insidious  in 
character.  It  runs  a  course  of  from  six  weeks  to  six  months,  during  which  the  main 
symptoms  are  slight  redness  and  hypersecretion  of  the  conjunctiva  with  moderate  sub- 
jective symptoms.  Often  the  only  sign  of  its  presence  is  a  persisting  agglutination  of 
the  lids  in  the  early  morning.  The  secretion  of  stubborn  subacute  conjunctivitis  should 
always  be  examined  for  this  bacillus.  The  best  local  ajjplication  for  relief  of  diplo-bacillus 
conjunctivitis  is  a  I  per  cent,  solution  of  chlorid  of  zinc.  According  to  Giflord,  diplo- 
bacilli  may  also  originate  a  condition  closely  resembling  subacute  trachoma,  and  some- 
times thev  are  the  active  organisms  in  corneal  ulcers. 

The  relation  of  micro-organisms  to  infective  or  sloughing  ulcers  of  the  cornea 
has  been  briefly  referred  to  several  times  in  the  preceding  paragraphs,  and  the  most 
important  bacteria  described.  Uhthotf  and  Axenfeld  thus  summarize  our  knowledge 
on  this  subject: 

(1)  Typically  serpiginous  ulcer  of  the  cornea  with  hypopyon  is  practically  always 
caused  by  the  pneumoooccus,  which  may  frequently  be  found  in  these  ulcers  in  almost 
pure  cultures. 
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(2)  Ulcers  not  typically  .serj)iginoiis  are  caused  by  infection  \vith  staphylococci  and 
streptococci  and  by  mixed  infection.  Occasionally,  pneumococci  originate  ulcers  wJiich 
are  not  characteristically  creeping. 

(3)  About  one  per  cent,  of  sloughing  varieties  of  keratitis  is  due  to  a  schizomycetal 
infection — aspergillas  J'aiaigatas. 

The  following  organisms  have  also  been  found  at  times  in  association  with  keratitis: 
Pfeiffer'x  capmlated  bacillus,  Bacillus  pyogenes  fefidus,  Bacterium  roli,  Bacillus  pyocyaneus, 
Ozena  bacillus,  and  a  number  of  other  varieties  which  have  not  again  been  discovered  or 
which  could  not  be  identified. 

It  is  interesting  to  observe  that  in  general  suppurative  inflammation  of  the  entire 
eyeball  (panophthalmitis),  although  the  ordinary  bacteria  of  suppuration  may  be 
present,  not  infrequently  there  are  found  special  forms  of  bacilli. 

It  would  be  manifestly  out  of  place  to  describe  in  detail  bacteriological  examina- 
tions (which  are  essential'  in  all  carefully-studied  inflammatory  affections  of  the  con- 
junctiva and  cornea)  in  this  place ;  but  for  the  convenience  of  the  reader  the  formulae 
of  a  few  of  the  stains  to  which  reference  has  been  made  are  appended.  These  formulae 
(with  one  exception)  have  been  taken  Irom  Hewlett's  admirable  Manual  of  Bacteriology y 
which  has  been  frequently  consulted  in  the  preparation  of  this  section. 

Lciffler's  alkaline  methylene  blue. 

Concentrated  solution  of  methylene  bb  e,  80  c.c. ; 

Solution  of  caustic  potash,  0.01  per  cen  ,  100  c.c. 

This  will  stain  cover-glass  specimens  in  from  three  to  ten  minutes. 

Anilin  gentian-violet. 

Saturated  alkaline  solution  of  gentian  violet,  30  c.c. ; 

Aniliu-water,  100  c.c. 

This  preparation  will  stain  cover-glass  specimens  in  two  or  three  minutes.^ 

Carbol-fuchsin  (Ziehl-Neelsen  solution). 

Fuchsin,  1  part; 

Absolute  alcohol,  10  parts; 

Five  per  cent,  aqueous  solution  of  carbolic  acid,  100  parts. 

It  should  be  diluted  with  2  to  6  parts  of  water  for  cover-glass  specimens. 

In  Gram's  method  the  cover-glass  specimens  are  stained  for  five  or  ten  minutes  in 
anilin  gentian-violet  solution,  and  then  immersed  for  one  or  two  minutes  in  a  solution 
of  iodin  1  part,  potassium  iodid  2  parts,  distilled  water  300  parts.  When  the  si)ecimens 
are  removed  from  the  iodin  solution  and  drained,  they  are  immersed  in  methylated 
spirit.    After  decolorizing,  the  specimen  may  be  washed  in  w'ater,  dried,  and  mounted. 

E.  A.  de  Schweinitz's  method  for  staining  tubercle-bacilli  with  Sudam  iii.  (red-fat 
dye)  is  a  selective  one.  A  saturated  alcoholic  solution  is  used.  This  preparation,  made 
in  the  ordinary  way,  is  stained  for  five  minutes  in  this  solution  and  washed  with  70  per 
cent,  alcohol. 


